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NOTICE =

The information and design disclosed herein were originated

by and are the property of Lockheed Aircraft Corporation,

Lockheed reserves all patent, proprietary, design, manu-
facturing, reproduction, use, and sales rights thereto, and
to any article disclosed herein, except to the extent rights

are expressly granted to others. The foregoing does not

apply to vendor proprietary parts.
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IFOREWORD

Lockheed Missiles & Space Company (LMSC) is submitting this final summary

technical report to the National Aeronautics and Space Administration (NASA) in

compliance with the requirements of NASA Contract NASw-1631, as amended for
Phase B, Section II, dated 4 Dec 1367.

This summary volume defines the Integrated Medical and Behavioral Laboratory
Meaéurement System (IMBLMS), identifies measurement groups of the recommended
in-flight techniques, analyzes the Apollo Applications Program (AAP) mission and
spacecraft aspects of the IMBLLS, illustrates the modular station layouts, presents
the individual contributions of the various data management equipment, and describes

the IMBLMS design and its supporting engineering documentation. This supporting

documentation is presented in the following separate volumes:

Volume I Measurement Documentation

Volume I  Mission and Spacecraft Analysis

Volume III Medical and Engineering Reports and Trade Studies

iii
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INTRODUCTION

The objective of the Integrated Medical and Behavioral Laboratory Measurement Sys-
tem (IMBLMS) is the definition, design, development, and flight operation of a flexible
biomedical research laboratory for the Apollo Applications Program (AAP) of the
National Aeronautics and Space Administration (NASA). The program will accelerate
the development and application of technology required for acquiring data to establish a
scientific basis for assessing the performance capabilities and limitations of man in
undertaking extended space missions. The IMBLMS is designed to be launched in a
stowed configuration in a Multiple Docking Adapter and to be translated through the
hatches of the Apollo cluster and set up for operation in the Saturn IV-B. The system
concept can be easily adapted to pre-installation in a dry-launched S-IVB without

sacrificing‘ the system's modular construction or growth capability.

This program dates back to the early 1960's when NASA concerh with the safety of

astronauts for the relatively short missions of Mercury, Gemini, and Apollo was

augmeiited by a similar concern about man's performance in migssions of one year or

longer duration. The shorter missions have shown changes in the cardiovascular sys-

tem, loss of effective blood volume, and loss of calcium and nitrogen from body tissues,
and it is likely that these phenomena may be aggravated by longer missions. Such
missions therefore will require, in addition to preflight and postflight examination, an
extensive on-board measurement cépability for early detection of trends and a better
understanding of the basic mechanisms involved. Consequently, this program is of
major importance to maintaining astronaut safety and well-being during extension of

the U.S8. manned space program.
The definition of these in-flight measurement capabilities has been the goal of in-house
NASA reviews, augmented by extensive industrial studies. NASA has delineated a four-

phase IMBLMS program (Ref. 1-1) of which LMSC performed the initial portion —

i-1
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Phase A Advanced Studies (Biolabs) — during 19641566 (Ref. 1-2). and under which a

parallel study is currently ; LMSC for the Phase B detinition.

These studies, together with the operational experience derived from the Mercury and

Gemini programs, NASA and U.S. Air Force biomedical equipment development efforts,

and the definition of research needs, have identified requirements and provided the
initial capability and direction for development of the IMBLMS. The IMBLMS is now
ready to enter an 8-month Phase C Design Activity in accordance with the LMSC
Phase C proposal (Ref. 1-3). Phage D, Development and Operation, is planned as a

29-month program leading toward flight operations in 1971.

The IMBLMS approach, as defined during Phase B, will provide a comprehensive flight
biomedical measurement capability designed for versatility, flexibility, and growth by

the modular grouping of measurement equipment. Space medical authorities generally

agree on the range of measurements and available techniques required for in-depth

study of the effects of exiended spaceilight on man. However, there is less agreement

on the priority of these measurements, except for those concerned with safety or clinical
monitoring. Experimental measurement priorities are controversial and highly depen-

dent upon future experience, making the establishment of biomedical mission objectives

for the early 1970's difficult and subject to continued up-dating. Principal Investigators

and NASA ground monitors will insist on altering flight-to~flight biomedical mission

objectives, and redirecting the in-flight measurement program as new knowledge be-

comes available. A modular measurement system designed initially for comprehensive

capability will be responsive to these requirements, maximize the use of existing flight-

qualified equipment, and permit growth with the incorporation of advances in bioinstru-

mentation. The definition, approval, implementation, and analysis of biomedical

experiments will be expedited since Principal Investigators of the space medical spec-

ialties will have most, if not all, of their experimenial equipment flight-qualified and
integrated into a centralized measurement system. The IMBLMS, modularly contig- -

ured for each mission, will optimize the use of common equipment and procedures,

astronaut/experimenter participation, and data handling of the biomedical experimental

program.

1-2
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The complete IMBLMS design concept lules centralized in a Physi-

ological/Behavioral/Data Management (PBDM) station, an 8-module
station, and associnted peripheral equipment (e. g., ergometer, mass measurement
chair, etc.). The PBDM station is capable of performing over 40 measurements ag
compared with the 17 currently approved, early AAP, in-flight measurements.
Figure 1-1 illustrates the systems engineering advantages of the IMBLMS concept as
compared with the equipment requirements for the individual flight experiments iden-

tified for the early AAP experiments.

The AAP and the IMBLMS provide NASA with the first opportunity for a comprehensive

experiment program which will meet the needs of tno sm@nuﬂc community and elicit

its support in esta bllshma a sc1enmfm baolS for assegsmg tne perfo: mance capabmbles

and 11m1tatlonb of man in undertakmcr cxtenaed spac misgions.

LMSC, together with its subcontractors, Beckman Instruments, Inc., and ‘%p

Inc.., has performed the basic studies and analyses that have formed a large pari of |

[yt

the foundation and definition of the IMBLMS. This team is now ready to proceed with

the design, development, and operation of an Inteorated Medical and Behawo’r‘il'Labo—

ratory Measurement System.
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Section 2

MEASUREMENT REQUIREMENTS

Under the IMBLMS Phase B, Section II effort, measurement techniques for the physio-
logical, behaviorial, and biochemical elemenis were reviewed with emphasis on
pulmonary function equipment, performance evaluation methods, and the feasibility and
simplicity of on-board biochemical measurements. Functional flow diagrams were
prepared for all measurements. Requirement allocation sheets (design requirements)
and equipment block diagrams were completed for the physiology measurements. Crew
requirements, critical environmental parameters, waste management constraints, and

measurement module requirements were analyzed for the recommended measurements.
2.1 MEASUREMENT REFINEMENT

The IMBLMS Phase B, Section I effort (Ref. 2-1) resulted in a recommended compre-

hensive list of biomedical, biochemical, and behavioral measurements, together with

the suggested technigue or methodology of perforniiﬂg eraéh of these measurements under
spaceflight conditions. These recommendations, along with a NASA -furnished list of
measurements, were extensively reviewed by the LMSC biomedical team during the
Phase B, Section II effort. A comparison of these two lists, tcgether with the results

of the final evaluation and recommendations for in-flight measurements, is presented

in Table 2-1. |

The measurements have been categorized under the eight major body-organ systems.
Where appropriate, the clinical laboratory measurements associated with each major
group have been listed in a 'clinical" subcategory immediately below the major cate-
gory. The number of in-flight measurements included in each major body orgai sys-

tem is as follows:

@ Neurological 7
€@ Cardiovascular 21
2-1
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& Respiratory 15
& Metabolic and N 60
& Ennocrinological 7
e Hematological 22
© Microbiological and Irnmunological 8
® Behavioral 33

Measurements considered for postflight analysis (P¥A) require the collection and preser-

vation of periodic biological specimens (e.g., urine, feces, blood, and sweat) for
return to Earth in the Command Module (CM). Cryogenic freezing (-70°C to -100°C) is
recommmended for preserving these samples, although vacuum drying may be necessary

for fecal samples and for some urine samples to reduce recovery payloads.

Clinical observation, history, and physical examination constitute an important adjunct.
The IMBLMS therefore will provide diagnostiic instruments for conducting routine
physical examinations, including nevrological and hebavioral testing. Future growth

could include medical treatment and hiological research facilities.
2.1.1 Physiological Measurements

The neurological measurements include the capability for conducting the Human Vestibu-
lar Function Experiment (M131). Electronystagmograms (ENG) or electrooculograms
(EOG) can be recorded during all rotational tests. During electroencephalogram (EEG)
sleep-pattern analyses, the concurrent recording of the horizontal channel of the EOG

is recommended for rapid eye movement (REM) activity.

b .

The evaluation of cardiovascular and respiratory functions frequently requires the
simultaneous recording of various parameters to establish the exact time relationships
between these parameters (Table 2-2). For exarwiple, a more complete evaluation of
the vectorcardiogram, the ballistocardiogram, or the thoracic blood flow requires
simultaneous recording of an impedance pneumogram (or other type of spirogram) to

determine the portion of the respiratory cycle during which they were recorded.

2-2
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NASA . Recommendation By: NASA Recommendation By:
Meas't, easurement Final Meas®t KMeasureme -
Category LMSC | NAsA LMSC Category Hleasurement s | san Vinal
8 NAS S
1 Néuro)ogical w Metabolism and Nutrition (Cont'd)
1. Ocular counterrolling x2) X X 18,  Return all food packages - x %
2. Linear acceleration threshold X - - 19.  Bone densitometry - X X
3. Oculogyral illusion b X X 20. Sweat measurement and sample
4. Visual task with head rotation X X X return - X -
5. Electronystagmogram X X X Clinical
6. Angular acceleration threshold X X X ca
7. Cerebral electrical activity X X x A. Total body water x x X
8. - Agravic perception of personal B. Plasma volume X X X
and extrapersonal space - X X g gr{nary creatinine X X X
bid Cardiovascular E U:xﬁg :;tf;g:: ; '\\; ;((
1. ECG X X X F. Urinary phophate X X X
2. MHeart rato X ~ X G. Urinary sodjum X X X
3. VCG X X X H. Urinary potassium X X X
4. PCG X X X ‘Iy grinary chloride x N X
5. VbCG X - X . rinary magnesium - x x
6. BCG X X X K. Urinary color - N x
7. Cardiac output X X X L. Urinary osmolality X X X
8. Thoracic blood flow X - X M. Urinary S.G, X X X
9. Arterial blood pressure X X X U. Urinary pH X X b
10. Central venous pressure - X X 0. Urinary glucose X X X
11. Periph. venous pressure X X X P, Urinary protein X X X
12. Regional blood flow X X X Q. Urinary bile X X X
13. Arteriolar reactivity X X X R. Urinary blood X X X’
14. Venous compliance/distensibility X X X S. Urinary sediments X X X
15. Arterial pulse contour X X X : T. Urinary aldosterone - PFA -
16. Response to in-flight exercise X X X U. Urinary sulfate - X x
17. Response to LENP X b.¢ X V. Urinary ketones X - X
18. Response to leotards X X X W. Urinary mucoproteins - PFA -
19. Response to carotid stimulation X X X X. Urinary pyrophosphates - Pra -
- Y. Urinary hydroxyprolines - PFA -
Clinical Z. Urinary total amino aclds - PFA -
A. Blood volume X X X AA. Urinary creatine-creatinine ratio X - -
B. Fluid compartments b.¢ X X AB. Whole-blood pH X X X
C. Urinary metanephrines - PFAMY ¢ AC. Whole-blood pOy X X X
D. Urinary catecholamines X PFA - AD. Whole-blood pCOy X X x
E. Urinary histamines - PFA - AE. Whole-blood bicarbonate X e} X
F. Whole-blood histamines - PFA -~ ﬁg- \‘:,'He-g}m nfic acid : {:r,\ ?
- N ole~] glucose X X X
m Respiratory AH. Plasma volume X p-pid X
1. Respiratory rate X X X AL  Plasma total proteins \ \ X
2. Lung volumes X X X ﬁ}]{ gelasma gs?tein electropharesls X : §
3. Gas flow rates X. X X . rum sodium N 2
4. Airway resistance X X X AL. Serum potassium X X X
5 Lung gomplmnce X X X AM. Serum chloyide \ X : X
6. Alveolar ventilation X X X AN. Serum calcium X PFA X
7. Perfusion-ventilation ratio X x X AO. Serum POy . X PFA X
8. B/B Oy consumption and COg produc-~ AP, Serum phospholipids X - -
tion x X X AQ. Serum bilirubin X X s
9. Continuous O, consumption and COg AR, Serum cholesterol X PFA X
production wﬁh exercise X X X :'SI‘ gerum BDUcEl hosoh X ;:;'2 X
10. Axrterial pOy X - X . Serum alkal. phosphatase - ¥ -
1. Alveola\/m terial gradient (air and AU. Serum creat. phosphokinase - lth -
100 percent O3) X X X AV. Serum LDH X X X
12. Diffusion capacity - X X :\V Serum LDH isoenzymes -; )\S ;é
Clinical ¢ AY, Borum SQBT X X x
A.  Capillary pH X X X, AZ. Serum BSP X - -
B.  Capillary pOy X X X BA. Feces nitrogen - {e) -
C.  Capillary pCOp X X X’ BB. Feces calcium - {c) -
D. Whole-blood bicarbonate - X. X BC. Feces phosphate - {e) -
N BD, Feces sodium - {e) -
w Metabolism and Nutrition : BE. Feces potassium - (e) -
1. Carbohydrate metabolism X - - BF. Feces chloride - (e) -
2. Fat metabolism X - - BG.. Feces magnesium - {c) -
3. Body mass X X X v Endocrine
4. Muscle size X X X
5.. Muscle strength (EMG) X X X Clinical
S.  G-Imolility X = = A. Urine aldosterone - PFA -
7. G-lpressure X X X B. Urine ADH X PFA -
8. G-ipi X X X C. Urine 17-hydroxysteroids X X (3}
9. Energy metabolism; continuous Og D. Urine 17-ketosteroids b4 X [t}
and COp analysis with exercise e 1mle) mie) E. Urine VMA X X bS
10.  Oral/car temperature - X X F. Urine metanephrines - nic) -
11.  Skin temperature (average) X X X G. Urine catecholamines PFA n::) -
12, Caloric intake X X X H. Urine histamine - il A) -
13.  Fluid intake X X X I Urine 5-OH indolacetric acid - PFA -
14.  Urine volume X X X J. Urine TSH - PFA -
15. Wet weight feces - X X K. Urine growth hormone - PFA -
16. Return all dried feces - X X L. Urine parathormone PFA PFA -
17.  Balance studics ! M. Urine insulin assay - PFA -
Fluids (incl. sweat) - X X N. Serum T-3 teat X PFA X
Nitrogen - {e) - 0. Serum ADH - PFA -
Mincrals - {e) - P. Serum parathormone - PFA -
Eleetrolytes - (e) - Q. Serum calcitonin - PFA -
R. Serum glucagon assay - g;‘i ;
{a) X = Recommended for in-flight performance §. Serum {l}‘e!e):‘hyroxin (T4 X PFA X
(b) PFA = Postilight analysis on preserved in-flight sample T. \Svehmlm bl%od ACTH by PFA -
(c) Same as for NASA category indicated by Roman numeral u. ole-~ - PFA o
V. Whole-blood 17-hydroxysterolds
(d) P-P = Preflight and postilight only hole-blood bistunine - PFA -
(e) Conflicts with NASA recommendation indicated under Category IV, Measurement 16 W. Whole- sam X PFA -

piabl

hod questi

i

{0 Development vecommended; probability of dev
() Special definitions for NASA Category VIII xecommendations as follows:

1 Clnical, 2 Scnsory test battery, 3 Perceptusl evaluation, 4 Higher thought
8 Learned

procesges, 5 Memory, 6 Vigilance,

activity, & Time aod motion study

7 Crew intercommunication,

. X. Whole-blood 5 OHIAA
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NASA Recommendation By: YASA Recommendation By:
Meas't Measurement Final MEast Measurement Final
Category LMSC | NASA LMSC Cafegory Lusc | xasa® | pasc
v m‘iﬁw VI
Hemzlolo—gy
18, Return all food packages - X X Cli
18. Bone deneitometry - x X inical
20.  Sweat measurement and sample A. Plasma valume nic) vic) vic)
retura - X - B. Hematocrit X X X
Clinical C. Hemoglobin N X b
D. RBC (ang morphology) X X X
A.  Total body water X X x E. RBC fragility X b X
B. Plasma volume x X X F. RBC survival X X X
C. Urinary creatinine X X X G. RBC mass X X X
D. Urinary nitrogen - X X H. RBC emzyme studics PFA -
E. Urinary calcium X X X L Reticulocyte count X X
F. Urinary phophate x x X J. WBC (and morpbolagy) N X
G. Urinary sodium X X x K. WBC differeatial X X
H. Urinary potassium X X b'e L. WBC mobilization X -
1. Urinavy chloride X x X M. Bleeding time - X X
J.  Urinary magnesium — X x N. Clouing time x X
K. Urinary color - x X 0. Cilot retraction X X X
L. Urinary osmolality X x x P.  Protarombin consumption x X X
M. Urinary §.G. X X X Q. Lymphocyte aryotyping P-p X -
U. Urinary pH X X X R.  Platelet adheatvences x X -
O. Urinary glucose b’ X X S.  Fibrisolytic activity - X -
P. Urinary protein b4 x X T. Blood rheoclogy - X X
Q. Urinary bile X X X U. Blood lipids - X x
R. Urinary blood X X X V. Cupillary fragility - X X
S. Urinarvy sediments X X X W. Total body water ©opete) el nic)
T. Urinary aldosterone - PFA - X. Blood volume m<) <) mic)
Y. Urinary sulfate - X X Y. Fluid compartmeats 1ric) e ic)
V. Urinary ketones X - X Z. Immusogiobuling X X X
W. Urinary mucoproteing - PFA -— AA. Fibrinogen X x
X. Urinary pyrophosphates - PFA - AB. Transferins X X
Y. Urinary hydroxyprolines - PFA - AC. Methemxoglobin X X
Z. Urinary total amino acids - PFA - AD. Carboxybemoglobin X X
AA. Urinary créatine-creatinine ratio X - - AE. Platelet count X X
AB. Whole-blood pH X X X ’ :
AC. Whole-blood p0, X X X u Microblology aod Immunclogy
AD. Whole-blood PCO2 X X X 1. Body microfiora
AE. Whole-blood bicarbonate X 1m{e) X 2. bacterial X X X
ATF. Whole-blood uric actd X PFA X. b, viral - X ()]
AG. Whole-blood glucoge X X X €. fungal - X X
AH. Plasma volume X ‘p-pld) x 2. Envircamental culturing
AL Plasma total proteing X X X . bacterial X X X
Ad.  Plasma protein clectrophoresia X X X b.  viral - X NN+
AK. Serum sodium X X X c. fungal - X X
AL. Serum potassjum X X X
AM. Serum chloride X X X Chinteal
AN. Serum calcfum X PFA X A.  Immunoglobullng vife) vited
AO. Serum POy X PFA X B.  Fibrinogea vile) vt
AP. Serwm phospholipids X - - C.  Transferins vite) vyle)
AQ. Serum bilirubin X X X D.  Hemoglobin vite) vyl
AR. Serum cholestero} X PFA X E.  Metbemoglobln vite) vie)
AS.  Serum BUN X PFA X F,  Complement Utration X X
AT. Serum alkal, phosphatase - PFA - G. _ Antibody titratson X X
AU.  Serum creat. phosphokinage - PFA - v Eft
AV. Serum LDH X X X i Behavioral Effects
AW. Serum LDH isoonzymes - X X Sensory
AX. Serum SGOT X X X Acuity x a x
AY. Serum SGPT X X X Depth x 2 x
AZ. Serum BSP X - - Phorias X 2 x
BA. TFeces nitrogen - (e) - Visual seasitivity - 2 x
BB. Feces calefum - (e) - Auditory thresholds x 2 X
BC. Feces phosphato - (e) - Speech perception index - 2 x
BD. Feces sodium - {e) -
BE. Feces potagsium - (e) - Psychomotor
BF. Feces chloride ~ (e) - Arm and band steadinecs x v X
BG. Feces i - (e) - Wrist and finger speed X ¥ X
Response orieatation X - b
Endocrine Arm movemont speed - » X
Clinical Multi-lmb coardisation X 5 X
A. Urine aldostorone - PFA - Static streagth - - x
B. Urine ADH X PFA - Dymamic siroagth < - X
C. Urine 17-hydroxysteroids i{( § g)) g&:l‘m”“ﬁ coordination X : ;
D.  Urine 17-ketostoroids <
E. Urine VMA X X x Groes body equilibrima X 3 X
F. Urine motanephrines - e} - Perceptal spewd - 2 x
G. Urine catecholamines PFA nlc) - Time-shariag - [ X
H. Urine histamine - 1’53 - f‘m e e x : X
L Urine 5-OH indolacetric acid - - A -
J.  Urine TSH - PFA - Movemeat prediction - L] X
K. Urine growth hormone - PFA - Complex processes
L. Urine parathormone PFA PFA - P x . x
M. Urine nsulin assay - PFA - Adaptive tracking
N. Serum T-3 test b'e PFA X Critical task tracking - ] X
©O. Serwn ADN - PFA - Visual mosttoring o M X
P.  Serum parathormono - PFA ~ Auditory moatoring e X
- - Memory processes x s X
Q. Serum caleitonin PFA :
- - ediationsl procesess x 4 X
R.  Serwnm glucagon assay PFA tex e s x
S.  Sérum free Thyroxin (T-4) - PFA X Complex peroepion ;
T. Serum TBPA X PFA X Wol ¢ atavior o X
- Verba, lateroom musiontion X 7 X
U. Whole-blood ACTH - PFA evaluntion - - X
V. Whole-blood 17-hydroxysteroids - PFA ) Operationsl evalu "‘;_"') = 1 o
W.  Whole-blood histamine - PFA - nn:; conmunicalions ( - 1 X
X. Whole-blood 5 OHIAA X PFA - Debriefiag s
Table 2-1 Review of IMBLMS Measurements
2-3 gy~
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DESIRED
MEASUREMENTS

S—

VECTORCARDIOGRAM A
PHONO- AND VIBRO-CARDIOGRAM X X
BALLISTOCARDIOGRAM X X X
SYSTOLIC AND DIASTOLIC BLOOD PRESSURE X

THORACIC BLOOD-FLOW,/CARDIAC OUTPUT
(MPEDANCE PLETHYSMOGQAPHY) X X X X

INDIRECT FICK METHOD/ CARDIAC
OuTPUT (C02 REBREATHING) X X X

REGIONAL BLOOD FLOW/-ARM OR LEG X
VENOUS COMPLIANCE AND DISTENSIBILITY X X X
ARTERIAL PULSE CONTOUR X X ‘
CENTRAL VENOUS PRESSURE
PERIPHERAL VENOUS PRESSURE
ARTERIOLAR REACTIVITY
CAROTID SINUS STIMULATION X
LBNP EVALUATION
INFLIGHT EXERCISE EVALUATION X
AVERAGE SKIN TEMPERATURE

UNSUITED

SUITED

02 CONSUMPTION, CO2 PRODUCTION
BREATH BY BREATH AND CONTINUOUS

ALVEOLAR O, AND CO,
DIFFUSION CAPAC!TY o
CAPILLARY pO,, pCO,,
ARTERIAL pO,,

LUNG VOLUMES

LUNG COMPLIANCE : X

ALVEOLAR — ARTERIAL GRADIENT, AIR
AND 100% 02 X X X X X

x
X X
X

ped

X

x
x
XX X

pad

x

> X
x

X X X

>

X

XX X X X X X X X
>

X X X X X X
KX X X X

X

XX X X X
XX X X X
» X X

xX X X
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Specifying which physiologic measurements are to be recorded simultaneously allows
optimization of the electrode/transducer harness configuration, the design ol the inter-
face and distribution system module, the locaticn and number of display recording and
transmission channel requirements of the data management system, and the location

of equipment controls and displays.

The terrestrial pulmonary laboratory uses water-filled spirometers for measuring
lung volumes and gas flow rates; diffusion techniques involving carbon monoxide,
arterial punctures, and cardiac-catheterization for blood-gas analysis; and whole-body
plethysmography for measurements of airway and pulmonary resistance. None of these

techniques is considered feasible for space application.

There are two technigues suitable for making IMBLMS pulmonary measurements. The
technique using a waterless spirometer is similar to clinical methods now employed
and require only developing equipment for the spacecraft environment. However, the
equipment is bulky; oxygen replenishment may interrupt measurement; and carbon

dioxide removal expendables (1 1b/1 hr) and cooling may be required.

A second technique, using integrating flowmeters and a gas analyzer, offers potential
benefits in lighter and more compact equipment. However, its accuracy and clinical
acceptance have not been established. Following the derivation by Kisson, McGuire
and Sterling (Ref. 2-2):

T
o1 .
Oxygen consumption = D f qb{BI NI - BX NX Mo dt
0
where

BI = ratio of the molecular weight of oxygen to that of expired air
BX = ratio of the molecular weight of oxygen to that of dry air

¢ = function of the humidity of the inspired and expired gas and the

harometric pressure

N,, N, = the mole fractions of oxygen in the inspired air and expired air

¢

2-17 ;
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The term m__ is the mass flow of the expired air as measured with a mass flowmeter.

el

The multiplications, subtractions, and integr

ation can be accomplished by means of a

digital computer.

The pulmonary measurement system shown in Fig. 2-1 employs integrating flowmeters
to obtain gas volumes and a mass spectrometer to obtain the partial pressures of oxygen,
carbon dioxide, nitrogen, and water vapor. The ouipuf of Flowmeter 1 (Fig. 2-1) is
integrated by Integrator 1 to derive inspiratory capacity. The output of Flowmeter 2

is integrated by Interator 2 for expiratory reserve capacity, tidal volume,and residual

volume.

For measurement of oxygen consumption and breath-by-breath oxygen and carbon-
dioxide, a mass spectrometer is used to determine the partial pressure of oxygen,
carbon dioxide and water vapor. The inlet and outlet oxygen partial pressures are
corrected for humidity in Multipliers 1 and 2, as shown in Fig. 2-1. The oxygen
difference is taken in an amplifier, and this difference is multiplied by the mass flow
rate of exhaled gas. The productis then integrated by Integrator 2 to give oxygen con-
sumption. Outputs from the mass spectrometer are provided to allow breath-by-
breath carbon dioxide production measurement as well as a pN2 measurement for

residual volume determination.

2.1.2 Behavioral Measurements

The behavioral measurement analysis was extended to verify and refine further the
measurement profile. A hardware approach was defined which provides a maximum

of flexibility in be.havioral measurements with a minimum of equipment while still
accommodating a wide range of behavioral measurements (e.g., visual, auditory, psy-

chomotor, monitoring, and complex processes).

A revised list of recommended behavioral measurements, based upon the current

analysis and equipment system requirements, has evolved from the previous list. A

2-8
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summary of the recommended revised list is presented in Table 2-3. The revisions

from the previous analysis include the following:

Additional visual measurements

Modification and integration of the psychomotor test battery, in terms of
equipment implementation, which permit behavioral measurements to be
accommodated through a relatively simple interface. (Measurements of fine
manipulation perceptual cognitive behavior monitoring and intellectual processes
can be accomplished through a set of signal light and subject response keys.

Measurement of continuous control behavior, complex mental processes, and

complex perceptual processes can be accomplished through use of a CRT/TV

display and a hand controller. The combination of the foregoing elements

permits additional measures of fine manipulation, gross positioning, time-
sharing, and monitoring.)

e Inclusion of a newly developed technique for assessing complex mental

processes, namely, the COTRAN task developed by Alluisi and described in
Ref. 2-3 '

© Measurement of gross motor behavior during the course of physiological testing.

e

because physiological stressing techniques, such as use of a hand dynamometer o

and bicycle ergometer, are functionally identical to the behavioral test

procedure

© Imbedding of psychological tests with other biomedical tests through functional

design of the test procedures to yield stimulus — response situations having the
requisite behavioral test characteristics on a non-interference bhasis (e.g., a
biochemical measurement and processing task could involve multidisplay
monitoring and measurement of response speed, whereas performance of a
data processing task could involve memoiy and mediational processes as

well as psychomotor behaviors)

The major resultc of the Phase B, Section I, effort in the refinement and extensicn of

previous measurement recommendations and implementation methodology are as follows:

® Measurement selection has been further verified against a composite rationale e
of relation to operational function; operational, technical, and scientific utility;
and derivation from developed behavioral test techniques.

2-10 L
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@ TFlexibility of the measurement approach has been assured through selection
of a variety of measurement fechniques, and through their implementation as
separate bshavioral measures, measures nbtained through the design of
IMBLMS tasks (imbedding), and measures of performance of other IMBLMS
tasks on a noninterference basis.

© The complexity of performance measurement hardware has been reduced
through flexible computer programming and increased hardware and procedure
commonality.

@ The number and specification of measures has been increased.

®© FEach measurement has been defined in terms of its functional characteristics,
the method empioyed and the hardware technique ordinarily used to obtain
the measurement.

& Behavioral measures will be derived from required astronaut performance of
physiological test procedures.

© Individual and interpersonal behavior will be assessed through the study and

analysis of records of normal operational and communication procedures.

This effort has yielded a comprehensive behavioral test element capable of sampling
a wide variety of behaviors which utilize a set of developed techniques. Through

computer programming this flexibility is afforded with a minimum of hardware.

The overall behavioral measurement approach makes use of other IMBLMS biomedical
tasks to provide a substantial augmentation of measurement capabilities. However,

it is always possible to perform behavioral measurement through the behavioral test
module independent of the other IMBLMS tasks.

2.1.3 Biochemical Measurements

The use of automated biochemical procedures for the IMBLMS was compared with

manual methods. For the clinical laboratory the automated procedures are superior

to manual analysis in that large numbers of the same test may be performed with a

2-12
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relatively high degree of freedom from operator mistakes. In the IMBLMS, however,

a maximum of three analyses of the same type will even be required on the same dav or
even the same week. Consequently, the full capability of automation cannot be realized.
Of the various types of automated chemical analyzers in existence today, none is
capable of complete sample processing; they can perform only the simplest types of
test; and all require large reagent reservoirs. In addition to the engineering problems
anticipated in adapting presently available automated tests to spacecraft environments,
or in automating new tests, the cost of this development would be excessive. For even
a simple test, such as determining the refractive index of urine, development of an
automated procedure probably would cost at least 500 times the amount required to
develop a manual version. TFurther, the reliability of an automated analyzer could be

expected to be considerably less than desirable.

All the biochemical measurement techniques recommendead for the IMBLMS in this
phase of the program may be classified as manual types. They differ from ordinary
manual testing, however, in that the majority of the manipulations are done before 1ift-
off and are not performed by the astronaut. Single-use test packets with premeasured
reagents are proposed for the majority of the tests. Sample measurement will be
performed by the simple expedient of filling a capillary tube. This concept minimizes
the possibility of astronaut error and also eliminates the possibility of spilling the con-
tents of large reagent containers. This handling concept should provide just as accurate

and rapid results as automated procedures, but with greater flexibility and reliability.

The biochemical measurements (Table 2-4) are grouped according to the basic technique
employed, and are rated according to their clinical importance and development

feasibility.

The basic instruments used for these tests are not expected to create any inordinate
development problems. However, the development of ancillary equipment and ftest
techniques for the large number of determinations is a major task. It is recommended
that laboratory verification of space-applicable techniques in each of the major equip-
ment categories be conducted during the Phase C effort to establish basic handling

technology and instrument requirements.
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Table 2-4

OLOGICAL MEASUREMENTS—DEVELOPMENT SUMMARY

Measurement Measurement
Measurement Development Measurement Development
Evaluation{?) Evaluation(®)
Test Tapes Colorimetry (Cont, }
pH 5 Serotonin 3
Protein 5 Creatine 3
Glucose 5 Sulfate 3
Blood S Magnesium 3
Uric acid 5 Blood lipids 3
BUN 5 Bicarbonate 3
Ketones 5 Hydroxyprolines 2
Bilirubin 5 Phospholipids 2
Color 5 17-hydroxysteroids 2
Bile 5 17-ketosteroids 2
s Catecholaminesg 2
Miscellaneous Parathormone 2
Urinary refractive index 5 Aldosterone i}
Hematocrit 5 RBC enzymes 0
Bleeding time 5 5-OHIAA 0
Clotting time 5 Histamine 0
Capillary fragility 4 Mucoproteins 0
Aniibody titration 4 Pyrophosphates 0
Total body water 4 Amino acids 0
Prothrombin timne 3 ADH 0
Protlirembia consumption 3 ACTH 0
Blood rheology 3 Metanephrines 1]
T-4 3 CPK 0
Specific clotting elements 0 Alkaline phosphatase 1]
Fibrinolytic activity 0
TSH 0 Microscopy
Growth hormone 0 RBC & WBC morphology 5
Parathyroid hormone 0 Urinary sediments 5
Insulin assay 0 WBC differential 5
Glucagon assay 0 Body microflora 4
Calcitonin 0 Environmental microfiora 4
. WBC count 4
Electrophoresis Platelet count 4
Immunoglobulins 4 Reticulocyte count 3
Serum proteins 4 Leucocyte mobility 2
LDH iscenzymes 4 Lymphocyte karyotyping 2
Plasma proteins 4 Platelet adhesiveness 2
g;ﬁz%%‘g;bm i Ion-Specific Electrodes
Complement titration 3 pH 5
VMA 3 Sodium 5
Transferins 3 Potassium 5
. Chloride 4
Colorimetry Carbon dioxide 4
Calcium 5 Oxygen 4
Hemoglobin 5
Bilirubin 5 Incubator
RBC fragility 5 Bacterial culturing 4
Creutinine 4 Clot retraction 4
Phosphates 4 Fungi 4
Proteins (total) 4 ) Virus 3
gg}(;ose i Radiochemistry
SGOT 4 T-3 4
SGPT 4 TBPA 3
Carboxyhemoglobin 4 RBC mass 1
Nitrogen 3 RBC survival 1
Fibrinogen 3 Plasma volume 1
Cholesterol 3

(2)

Level of Evaluation:

@ oW

LOCKHEED MISSILES & SPACE

Highly significant; moderate development effort
Moderately significant; moderate development effort
Less significant or extensive development effort
Major technological advancement required

Possible creation of health hazard
Sample storage required for postflight analysis only
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Certain biochemical determinations require major technological advances in eavth-
based methodologies before they can be used in space. The steroids and hormones
require laborious extractions and purifications. Karyotyping, leucocyte motility,
platelet adhesiveness, and phagocytosis activity require a high degree of skill and

training using presently known methods.

Table 2-5 represents a representative measurements frequency schedule for a typical
mission of 56-day duration. The various major measurement groups have been sub-
divided into two or more subgroups, in order to accomplish a better spread of astronaut

activities throughout the flight, based on a 6-day work week.

Measurement performance in accordance with this frequency schedule will require
various expendable items, such as syringes, unopettes, plastic bags, etc., which will
weigh approximately 45 1b and require a volume of 1 ftg. Three 24-hr urine aliquots
are to be collected from each astronaut every week and, in order to permit performance
of all required postflight analysis, the total preserved aliquot volume should be 40 to

50 ml. LMSC recommends that the number of venipunctures for obtaining blood samples
be limited to one every 2 weeks. The comprehensive on-board hematological measure-
ments have been scheduled to coincide with these venipunctures, thus allowing the
on-board tests to be performed with the same samples preserved for postflight analysis.

Each on-board and preserved sample requires 30 m!l of blood.

On the basis of approximately (1) 0.05 Ib weight and 5 in. 3 volume for each 24-hr
urine aliquot and each venous blood sample, (2) a dried fecal output of 0.12 lb/man/day
with a volume of 5 in, 3, and (3) sweat samples of 0.01 1b weight and 0.5 in, 3 volume
each, the total weights and volumes of the return=d biological samples for a 56-day
flight, including the storage bags, will amount to 24.5 1b and 1,272 in, 3.

2.2 FUNCTIONAL FLOW DIAGRAMS

The initial engineering documentation step was the establishment of an accurate and

complete functional base for all recommended IMBLMS measurements. This was
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accomplished by means of functional flow diagrams — a graphic presentation of the
actions to be performed in sequential order in the evolution of the IMBLMS measure-

ment requiremen:s.

The functional approach ensured that the definition occurred on a total system basis
with full recognition of all involved principles, provided a means of relating the func-
tions to hardware, and established a clear frame of reference for requirements to be
used for communication between the Principal Investigators, the equipment developers

or suppliers, the integration contractor, and NASA.

Figures 2-2, 2-3, and 2-4 illustrate the relationship of the physiolegy element to the
overall IMBLMS and,through the development of successive indenture levels, demon-
strate the flow sequence from system level to a group of functions concerned with
individual measurements. Three categories of measurements fall within the Physiological
Measurements (Fig. 2-2, Function 1.2). One of these categories, Cardiovascular
Measurements (Fig. 2- 3),comprises three groupings of measurements. One of these
measurements is to evaluate cardiac dynamics (Function 1. 2. 2.1) which is shown in

Fig. 2-4. This functional flow diagram illustrates the sequential actions necessary to

accomplish each of the nine measurements concerned with cardiac dynamics.
2.3 REQUIREMENTS ALLOCATION SHEETS

The medical/engineering design requirements are established by means of the Require-
ments Allocation Sheets (RAS), which are based on and numerically identified with the

functional flow diagrams.

The RAS contains an analysis of each function or group of functions depicted on functional
flow diagram. It is the key document for identifying and allocating requirements for
equipment by establishing the relationship of each function and its corresponding cesign
requirements, including design constraints, crew requirements, environmental con-
straints, and interfaces with the spacecraft and other equipment. Table 2-6 (for

Function 1.2.2.1.1) is illustrative of the Requirements Allocation Sheet documentation
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prepared for the physiology element during this study effort. As the IMBLMS design
evolves, RAS data and information will be expanded to reflect the detailed engineering

data on schematic block diagrams, design sheets, and specifications.

2.3.1 Crew-Oriented Requirements

The astronaut/experimenter must be trained to identify, retrieve, assemble, and
operate all major equipment ifems and provocative test assemblies, together with their
appropriate auxiliary equipment, including the attachment of electrodes and transducers
to the proper sites on the body. He must be able to monitor the various signals on the

displays, determine if the signals are recording properly and, where necessary, make

equipment adjustments and calibrations. The techniques of handling and preparing the
various specimens, utilization of the instruments, and assessment of the appropriateness
of the recorded test results pertaining to the biochemical measurements will require

training to the level of a laboratory technician.

Use of the telemicroscope would reduce the training level required for microscopic
examinations of blood and urinary sediments and provide ground ohserver near real-
time images for more detailed study. Certiain provocative tests, such as the applica-
tion of lower body negative pressure (LBNP) may require the presence of an astronaut/
physician. A physician crew member will reduce the training requirements for the
other astronauts. The IMBLMS on-board data display and computation capability will
permit the astronaut/physician to assume a more important role in relationship to
ground-based Principal Investigators, by means of on-board data evaluation, compres-

sion, and in-flight redirection of the experimental program.

2.3.2 Waste Management Requirements

The method used for the collection of urine must be hygienically acceptable, with each

astronaut having his own urinal. The urine samples to be taken for on-board analysis,

and those to be preserved for postflight analysis must be uncontaminated, undiluted,

and free of additives which might interfere with the accuracy of these analyses.
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If & common receptacle is used in the urine volume measurement device, it should be

foed

provided with a rinsing system to prevent bacterial growth and accumulation of urinary
salts. Aliquots of 24-hr urine samples should he frozen rather than vacuum-dried for
more accurate postflight analysis. Similarly, the "weighing'' of moist fecal specimens
requires individual collection and subsequent individual vacuum drying for postflight

analysis.
2.3.3 Critical Environmental Parameters

The environmental parameters are usually considered along with the life-support sys-
tem and include cabin pressure; temperature; humidity; concentrations of carbon
monoxide, carbon dioxide and other contaminants in the cabin atmosphere; radiation
level; acceleration; noise, and vibration. These parameters provide the earliest
indication of the existence of unacceptable conditions in a habitable environment and
are an important consideration in the interpretation of biomedical experimental data.
Certain biomedical procedures, (e g., pulmonary function studies and exercise evalua-
tion) require a more accurate measure of environmental parameters, such as cabin
pressure and temperature, than normally provided by the vehicle life-support monitoring
system. A summary analysis of the critical environmental parameters is presented
in Table 2-7.

The Requirement Allocation Sheets will identify these additional environmental sensor
requirements (e.g., cabin temperature and pressure, 02 and CO:2 concentration, and

water vapor pressure) for inclusion in IMBLMS.

2.3.4 Measurement Modular Requirements

The design of a flexible and modular IMBLMS requires definition of the scope or
comprehensivencss of the system and the development of logical groupings of measure-
ments by commonality and sophistication of function and purpose. A basic function of

IMBLMS,in addition to providing experimental capability, is to ensure the safety and

well being of the astronauts. Table 2-8 categorizes the anticipated effects of extended
2-27
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Table 2-7

CRITICAL ENVIRONMENTAL PARAMETERS

T-30-68-1

Environmental Parameter Remarks Priority
Cabin Temperature Wide variations about OWS possible 1
Cabin Pressure On-board gross system mcnitor present 1
Cabin 02 Concentration Affects respiratory evaluations 2
Cabin 002 Concentration Affects respiratory evaluations 1
Cabin H20 Vapor Pressure Affects thermodynamics during exercise 1
Contaminants Primarily safety consideration 3
Radiation Primarily safety consideration 3
Surface Temperature Alone, not pertinent to IMBLMS 3
Noise Not anticipated to be a problem 3
Acceleration On-board system provides data 3

~ Vibration Not anticipated to be a problem 3

1  Nonavailability could affect value of certain IMBLMS measurements

2  Less effect on IMBLMS measurements than Priority 1 items

3 IMBLMS measurements not affected or obtained by suitable accurate spacecraft

systems
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T-30-68-1

spaceflight and tabulates the measurements and equipment required for satety or
clinical monitoring of the astronauis. These equipment requirements form the basis
for initial modulax grouping. Specific mission requirements such as the synchronous
orbit, where hematological effects of radiation exposure are of principal concern,
provide additional constraints. The desirability of grouping measurement capability
by major body organ systems influenced the modular assignment of the clinical
monitoring equipment to facilitate the logical addition of experimental equipment. Data
management equipment was centralized and grouped by increasing capability to meet
the greater needs of the comprehensive measurements and to complement the skills of
the astronaut/experimenter. The allocation of measurement functions to modules
based on human factors considerations, equipment installation volumes, envelopes,
and panel area constraints are discussed in Section 3 of this volume. The grouping of
major organ system equipment as discrete modular and submodular entities permits
extensive experiment investigation of one or more organ system consistent with AAP
mission objectives and spacecraft constraints, and will permit future growth, sub-

sitution, or modification as required for later experiments.
2.3.5 Engineering Documentation

The documentation required will vary considerably, depending upon the development
status of the equipment that will satisfy the medical/engineering requirements. As soon
as the documentation effort has identified each element of the IMBLMS system, a
decision must be reached regarding the adequacy of existing flight-qualified hardware

or the developmental status of individual items of equipment that will satisfy the require-
ment. The engineering documentation for a specific item of equipment will normally
proceed to the poiat where flight-qualified equipment can be identified in the RAS and
specifications are available. At this point, the contractor end item (CEI) number will

be entered into the documentation, and the specification for that item will then become

a part of the documentation.
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The longer the end-item lead time to flight qualification, the move complex the docu-
mentation will be. This increasing complexity ig in the following general order:
(1) ground-based laboratory equipment that must be flight-qualified, (2) ground-based
laboratory equipment that must be modified and then flight-qualified, and (3) new

equipment requiring development, testing, and qualification.

For undeveloped items of equipment, additional documentation normally prepared will
include equipment block diagrams, schematic block diagrams (1st, 2nd, and 3rd levels),
design sheets, and design sheets assembled into a procurement specification for equip-
ment modules. As additional information is developed on an end item of equipment,

the RAS will be revised to include detailed equipment specifications.

2-31

LOCKHEED MISSILES & SPACE COMPANY




B

i

Section 3
MODULE AND CREW REQUIREMENTS

AAP guidelines indicate that experiment equipment will be stowed at launch in experi-
mental canisters in the MDA and later translated into the OWS for experiment operation.
The Phase B, Section I effort resulted in the recommendation that the IMBLMS
Physiological/Behavioral/Data Management (PBDM) and Biochemical stations be
designed as an integrated part of an experimental canister (Fig. 3-1). The difficulty
in transliating large masses through AAP cluster hatches — as demonstrated in recent
NASA/USAF, zero-g, parabolic translation experiments — and the need for providing a
more centralized and flexible station designed for optimal astronaut performance in
the zero-g environment have resulted in the evolution of the cockpit, or wrap-around,
station layout (Figs. 3-2 through 3-5). The layout of the crew station permits the
tethered astronaut to maintain his operating attitude in a relaxed, zero-g positicn
without any physical exertion. All displays and controls are well within the desired
visual cones and reach envelopes of the operator. The experimenter can view the
subject and measurement-related module displays and controls simultaneously. If

the station is placed in the center of the OWS experiment area, he can see the subject

over the top of the experiment station.
3.1 MODULE REQUIREMENTS

To ensure the practicality of assigning measurement functions to modules, specified
module sizing was based on such factors as equipment and component envelopes. rack
mounting, transbortability, and standard racking dimensions. Basic module sizes

were established as follows: (1) major module, 19 by 19 by 18 in., (2) standard module,
9.5by 9.5 by 18 in., and (3) submodule, 4.75 by 9.5 by 18 in. A few modules =bhich
adhere to the standard multiple of 19 in. are somewhat specialized due to unique
equipment configurations (Fig. 3-6); for example, the biochemical centrifuge recuires

a module envelope of 19 by 19 by 4. 75 in. because of the centrifuge arm radius.
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Fig. 3-1 IMBLMS Initial Modulator Elevator Concept — Station Layout
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Fig. 3-4 IMBLMS Experiment
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5
Fig. 3-3 Astronaut in Relaxed
Zero-G Position at
Candidate IMBLMS
6.5 FY Experiment Station —

Module Arrangement
for Optimum Visual
Cone and Astronaut
Reach

‘b
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Fig. 3-5 IMBLMS Experiment Station — See-Over

Arrangement to Facilitate Subject Observation

]
1

(]



Page intentionally left blank



suonyeInSIFUO) SMPOIL SIWTIINI o uostaedwo) 9-g *Sid

. .

Fnin

=Ty

%)

Yol

ANK NOT FILMEQ

[ aadat

edd

E

7~
k¥ 4

PRECEDING pac

3-5

i

b
p
<
w
=
0O
V)
m;
9]
<
o
"
&
0
L
=
0
0
b
o
uw
1
T
¥
O
O
a




T-30-68-1

Measurement equipment was grouped into moedules and submodules for each of the

TSy

major body organ systems. This type of allocation permits maximum measurement

flexibility since cnly required measurement modules and submodules need be [lown

to meet mission objectives. In the physiology element, for example, blood-gas
measurement functions are separated from the standard respiratory measurement
functions; and, in the biochemical element,” the colorimeter and hematocrit measure-
ment functions have been separated from the electrophoresis and the ion electrode
equipment. This subgrouping and arrangement of organ system equipment facilitates

the integration of a clinical monitoring station (Fig. 3-7). This station provides the

minimum number of modules and stowage capability required for safety monitoring

during extended flights.

The data management element (Fig. 3-8) was designed in modules and submodules to

facilitate a building-block approach — from a simplified, minimal medium (biomedical

tape recorder) to the more sophisticated capability required for a comprehensive
IMBLMS. The video recorder, timer unit, printer, memo-recorder, and manual data

entry unit are submodularized.

The design of the Biochemical crew experiment station permits its setup in the OWS

waste management compartment. This feature ensures that, in the event of liquid
spillage, the filtered waste management compartment will contain the liquid and
process it through the filter and duct system. Figure 3-9 shows the Biochemical

station in a mockup of the OWS waste management compartment. The station has been

designed to minimize its volume requirement, thereby permitting its installation in

this area. Further, since so many of the determinations require the use of stowed

items, the supplies and small equipment are located in a storage module and positioned
optimally to the right and at an angle providing easier access to and handling of these

items by the astronaut.

The PBDM station is shown in Fig. 3-10. The design layout of the IMBLMS stations

facilitates modular interchange, as well as add-on growth., The modules can also be -

72

mounted very easily in a lightweight tubular rack in a dry OWS, and still provide the
modular flexibility with almost no penalty to the system compared with a fixed station

concept.
3-6
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Fig. 3-7 IMBLMS Clinical Moniforing Station — Basic Configuration
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Fig. 3-9 IMBLMS Biochemical Experiment Station in OWS Waste
Management Compartment

Fig, 3-10 IMBLMS PBDM Experiment Station in OWS Crew Compartment
Experiment Area
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A workshelf is provided, within which marking instruments, procedures, and logs can

o
1%

<

he stored. Each station is designed to fit the 10th to 90th percentile of the astronaut
user population in a zéro-g mode. Simple, quick-discoanect connectors are employed.
Sensor/vest/instrument storage (PBDM station) is located in an area which facilitates
ease of attachment to the subject and which positions cables, hoses, and umbilicals

out of the way. Modules are designed for rack interface so as to be easily removable
and replaceable from the front once they are disconnected. Rack structure is provided
for addition and growth of modules. The module skins protect the internally mounted
equipment and components, thus eliminating the need for canister housings for MDA

installation.
3.2 MODULE PANEL CONFIGURATION

Full-scale mockups of each module and submodule were fabricated on the basis of study
of the measurement function allocation. These mockups were used to evaluate the
internal envelope adequacy and to develop detailed, full-scale panel layouts. The
module and submodule mockups and the panel layouts were assembled onto the crew
experiment station racks (Figs. 3-11 and 3-12) to verify: (1) location of displays and
controls within the visual cone and reach actuation envelopes of the astronaut, (2)
arrangement of displays and controls in proper relationship to related module counter-
parts, and (3) positioning of displays and controls positioned on the panels for maxi-

mum ease of operation.
3.3 TRANSFER OF IMBLMS FROM THE MDA AND SETUP IN THE OWS

At liftoff, the IMBLMS experiment equipment is installed in the MDA, in which it re-
mains on orbit until the OWS is made habitable, and the equipment can be transferred to
and setup in the OWS crew experiment compartment. The PBDM and Biochemical

stations are mounted in the MDA in such a manner that, if the OWS should be uninhabitable,

both stations could be operated.

3-10
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Other major peripheral equipment items that are larger than the major modules are
installed on special racks or in canisters within the MDA, Each of these larger items
is transported individually from the MDA to the OWS and mounted in its appropriate
location in the ¢rew compartment. The simple, tubular-frame racks for both of the
experiment stations are pre-installed to reduce astronaut setup time and effort. Two
alternate concepts are recommended to accomplish equipment transfer through the Air-
lock Module {(AM) and down the "fireman's" pole into the OWS crew compartment exper-
iment area. The first is a one- or two-man transport mode using pistol grip "stud
guns' which attach themselves directly to the experiment package. In addition, a strap
and handhold on the rear of the package (shield approach) can be used. The other con-
cept is an LMSC-developed technique, involving a dumbbell-bar approach; two packages
are connected by a tube with a pistol grip. This method permits the equipment to be
held as close as possible to the center of gravity, and provides visibility when translat-

ing the two packages.

The data management module group is removed from the MDA mounting rack and
transferred to the pre-installed mounting rack in the OWS. It is then secured to the
base, and the astronaut returns to the MDA. The remaining four modules of the PEDM
are removed from the MDA mounting rack, assembled into the transport configuration,
transferred to the OWS, and remounted on the station rack adjacent to the data manage-
ment modules. Power, data management, and communication lines (pre-installed or
set up in the OWS by the astronauts) are connected to the appropriate modules of the
experiment station. The cables and lines of the IMBLMS modules are next intercon-
nected; and the front protector panels are removed from the modules. The work sur-

face area is folded down, completing the setup operation.

The Biochemical station setup is identical to that just described except that the mod-
ules are installed in the waste management compartment of the OWS. The Biochemical
modules are also mounted on a pre-installed experiment station rack. The connectors
are mated to the waste managemenf area interfaces (vacuum, urine and fecal coliector
etc.); the cables and lines of the modules are interconnected; the front protector panels

are removed,; and the workshelf is unfolded into operating position.
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The dynamic physiologic monitor, and possibly two to three Biochemical modules, may
be used in locations other than in the MDA or OWS. In the case of the dynamic physio-
logic monitor, simple mounting brackets will be provided in the AM (fo permit evalni-
tion and safety ‘monitoring of the EVA astronaut) and in the Command Module (CM) for
safety monitoring. The Biochemical modules may be used on the synchronous-orbit
flights, and could be located in the Refurbished Command Module (RCM). These mod-
ules are generally 9.5 by 9.5 by 18 in. or less, thus ensuring that they can be easily

transported through any of the spacecraft haiches.
3.4 IVA AND EVA EFFECTS ON IMBLMS

There will be minimal EVA effects on the IMBLMS, since the crew will not be per-

forming specific IMBLMS experiments while outside.

Two crew members will be associated with the EVA (one in the airlock and one outside
the vehicle) while the other astronaut is in the CM monitoring the cluster system.
Some biomedical safety measurement will be performed during EVA, and the dynamic
physiologic monitor will be transported to the airlock (thus possibly involving vacuum
use) for the internally stationed astronaut to use in monitoring the crewman perform-
ing EV tasks. Still under consideration is the question of whether near-field ‘telemetry
or umbilical signal routing will be employed, and the decision could affect IMBLMS de-
sign. In all likelihood, all tasks associated with rendezvous and spacecraft docking

will be conducted with the crew in the CM, for reasons of safety.

In total, there appears to be little EVA effect on the total IMBLMS, particularly dur-
ing the early Cluster A and B flights.

Intravehicular activity could affect the IMBLMS, particularly those measurements as-
sociated with respiratory functions in which the environment of the OWS experiment

area will have to be monitored closely and cannot be changed significantly during the

measurement task. Experiment setup and conduct of non-IMBLMS measurements

3-14
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could also affect the IMBLMS, depending on the nature of the task, e.g., Lunar Module/
Apollo Telescope Mount (LM/ATM) spacecralt stabilization and orientation. During
LM/ATM solar measurements, complete crew quiescence must be maintained to ag-
sure telescope pointing accuracy. When individual astronauts are conducting expari-
ment activities in two separate fields (e.g., IMBLMS and astrophysics), competition
may arise for power, data management processing, communication, etc. Furthermore,
the necessity to perform a non-IMBLMS measurement, in any area other than where the
IMBLMS may be set up, reduces the availability of subject personnel. If remote mon-
itoring of an astronaut in the Cluster is desired (e.g., in the CM), it will be necessary
to transport an IMBLMS module to the site and set it up. Also, the scheduled use of
the food and waste management compartments will influence IMBLMS activities. Work/
rest/sleep cycles are important to the measurement frequency and subject availability,

as are the operational and housekeeping duty cycles.
3.5 PRELIMINARY OPERATIONAL ANALYSES

There will be no crew interface with IMBLMS experiment equipment on the pad prior
to liftoff, nor any involvement during the launch and orbit-attainment phases. In orbit,
standard orbital setup operations will precede any scientific or engineering experiment
programs, as will rendezvous and docking of spacecraft with the Cluster. If is antici-
pated that 2 to 3 days may be required to set up the Cluster in an operational mode

after which the crew can initiate experiment programs.

If a LM/ATM vehicle is involved, considerable time will be required initially to set
up and stabilize the spacecraft. Should the mission phase under consideration be a
typical resupply/crew-rotation flight, there will be only a minor delay (1 day or less
expected) in reactivation or continuance of the experiment program. It is anticipated
that every seventh day will be allocated to minimum astronaut participation to permit
rest, relaxation, and change of routine. Previous LMSC Biolabs time-line studies
(Ref. 3-1) indicate that approximately 38 percent of the total available experiment

time in a 45-day flight will be required to conduct a "complete' NASA-defined

LOCKHEED MISSILES & SPACE COMPANY




-iomedical/behavioral measurement program. There appears to be no requirement

oy real-time data management dump to the ground, so that station contact schedule

 rnpositions are reduced. Toward the end of the mission, flight samples and data to

-2 returned to the ground will be transferred from tne experiment areas to the CM unrd CF
ztowed. The crew will then initiate pre-reentry procedures, and the countdown will be
ztarted. From this point to recovery, the crew will not be involved in the measure-
-nent program or with samples or data acquired on orbit. After splashdown or touch-
~own, the recovery team probably will be responsible for the removal of samples and

~ata from the CM for ultimate transportation to the appropriate receiving facility.
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Section 4

MISSION AND SPACECRATFT ANALYSIS

The Cluster A and B missions and five associated spacecraft are analyzed in this
section as they relate to the IMBLMS experiment and measurement program. The

five spacecraft are the Refurbished Command and Service Module (RCM); Lunar Mod~
ule Laboratory (LM-Lab); Multiple Docking Adapter (MDA); S-IVB Orbital Workshop
(OWS), wet concept; and S-IVB Orbital Workshop (OWS), dry (or ground-fitted) concept.

4.1 CLUSTER A AND B MISSION ANALYSIS

The IMBLMS currently is identified with the AAP Cluster B flights in 1971 and beyond,
although selected portions of the system could be available for earlier flights if it is
eveloped on an accelerated schedule. The Cluster concept is basically the on-orbit
rendezvous and docking of several spacecraft with an S-IVB spent stage; this stage
incorporates an Airlock Module (AM) and MDA which are integrally fitted into the
S-IVB Saturn LM Adapter (SLA) at lift-off. These spacecraft (CSM, LM, RCM, etc.)
are launched and rendezvous with and dock to the MDA, resulting in a clustered con-
figuration of a variety of orbiting spacecraft. The S-IVB spent stage is made habitable,
and the entire cluster assembly is employed as an operations and experiment orbital

station.
4.1.1 Cluster A Mission

The Cluster A mission is composed of five flights employing an S-IVB spent stage
(OWS), MDA, AM, Lunar Module/Apollo Telescope Mount (LM/ATM), and manned
RCM. These flights are planned for the period from 1969 to 1970. The crew size is
three and the circular orbital altitude is planned at approximately 210 nm. Flights

AAP-1 and 2 are scheduled for up to 28 days. Current plans call for an RCM visit to

LOCKHEED MISSILES & SPACE COMPANY
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the Cluster during a 56-day mission, with the emphasis on biomedical experimentation,
Flights AAP-3 and 4 are scheduled for up to 56 days, with major emphasis on solar
astronomy and biomedical experiments. A mission profile for Flights AAP-1, 2, 3,
and 4 is presented in Fig. 4-1, Flights AAP-5, 6, and 7 will revisif the cluster for

periods up to 56 days.
4,1.2 Cluster B Mission

The Cluster B mission is in the early planning stage and, therefore, only meager de-
tails are available. Initially, it was conceived that this program would be a 10-flight
mission beginning in 1970 and continuing until late 1671, The cluster would employ an
S-IVB OWS, MDA, AM, and IM, and a Logistics Command and Service Mcdule for re-
supply. The cluster would be placed in a circular, 260-nm orhit; tentative plans were
to use the OWS for 2 years. Resupply flights would occur every 90 days, with potential

for crew rotation; crew size has been estimated at from three to as many asnine men.

The Cluster B mission will provide the first real opportunity for a comprehensive
space biomedical evaluation, considered a primary mission objective in view of the

goal of space missions of 1 to 2 years.

Although mission plans and spacecraft selections are indefinite, it can be assumed
for IMBLMS planning purposes that either similar vehicles identified for Cluster A

or vehicles of greater capability, such as a dry-launched S-IVB, will be available.
4.2 AAP CLUSTER SPACECRAFT

Five spacecraft associated with the cluster concept have been investigated as IMBLMS
carriers: RCM, LM Lab, MDA, wet OWS, and a dry (ground-fitted) OWS, OWS offers
the most advantageous vehicle for performing IMBLMS experiments on orbit (see Sec-
tion 6.10). The dry-launched OWS provides the greatest reliability, since IMBLMS

equipment could be installed on the ground in the operating configuration, and checked
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out and made ready for utilization almost immediately after attainment of orbit. The
other spacecraft, in order of preferred use for IMBLMS are the MDA, RCM, and LM
Lab. The MDA provides adequate volume for the conduct of IMBLMS experiments
(with the possible e¢xception of the REVS experiment). Deployment of IMBLMS in the
RCM would allow only minimal room for two astronauts and no other experimental
equipment. The LM has inadequate free-swept volume to conduct IMBLMS experi-

ments with large items of peripheral equipment (e.g., LBNP).
4,2.1 ILunar Module Laboratory (LM Lab)

At present, there appear to be no specific plans to refurbish an LM to develop a ''gut-
ted" LM Lab. Current AAP mission planning calls for the utilization of an LM, with
minimum modifications for support of the ATM experiments, The LM would house the
display and contrel station used in consort with the ATM experiments. The ATM would
be mounted beneath the LM,. in place of the descent stage, in a rack structure. Thus,
the LM/ ATM is used principally in support of solar experiments for observing, mon-

itoring, and recording solar phenomena.

In the event a gutted LM were to be developed for an AAP experiment laboratory,
several modifications would be required — such as removal of Lunar-oriented guidance
and navigation equipment, removal of the ascent-descent stage, positioning of a plate
over the ascent engine cover, etc. These modifications probably could not be made at
Cape Canaveral and would necessitate factory implementation. There are two principal
experiment areas in a gutted LM Laboratory which might be considered for IMBLMS
experimentation. The first is the main cabin area, which contains the main lunar de~
scent display-control panel and includes the viewing ports and egress-ingress forward
tunnel and hatch; tlie main cabin is approximately 90 in. wide by 35 in. deep by 80 in.
high (146 ftg). The other area is the midsection (adjacent to the main cabin), in which
the crew-transfer/docking tunnel and engine cover are presently incorporated; the mid-
section is approximately 58 in. wide by 54 in. deep by 60 in. high (96 ft3). The midsec-

tion and main cabin walls are not flat so that equipment installation presents a problem,
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and considerable orbit-required electrical and environmental equipment is mounted on
the walls. The docking tunnel hatch is approximately 30 in, in diameter, which some-
what reduces the size of experiment packages whirh can he transported into the

laboratory.

The larger items of IMBLMS experiment equipment — e.g., rotary chair, mass mea-
surement device. LBNP, ergometer, etc, — require too much velume to stow in the
LM Lab. Furthermore, it is highly questionable if there is sufficient free-swept
volume available for their use. Transfer of these items from the MDA into the labora-
tory might prove difficult because of the smaller hatch size. It is also doubtful that the
IMBLMS experiment crew stations, peripherial equipment, large experiment equip-

ment items, and two men could function adequately in the LM Lab.
4.2.2 Refurbished Command and Services Module (RCM)

The RCM is derived from the Apollo Block II CM through the refurbishment of a pre-
viously flown vehicle. With the removal of the crew couches, approximately 40 ft2 of
"standup' area is available, and nearly 360 ft3 of free volume is exposed by removal

of non-essential equipment, Sufficient free volume exists for experimentation employ-
ing the use of measurement equipment which requires large free-swept volumes. These
items could be transported to the RCM from the MDA for experiment use; however, if
they were left within the RCM, very little extra volume would exist for other engineer-
ing or scientific experiments using equipment requiring large freeswept volumes. LMSC
has constructed an RCM mockup for evaluation of experiment station layout and has
identified three inajor areas of potential equipment installation against the bulkheads

of the internal cabin. These areas are as follows:

e Directly beneath and to the left of the midline of the tunnel — 28 in. wide by
16 in. high by 9 in. deep (2.5 ft°)

® Directly beneath and to the right of the tunnel edge — small item storage

@ Directly beneath the window — 40 in. wide by 32 in. high by 16 in. deep
(12 ftg)

LOCKHEED MISSILES & SPACE COMPANY




e To the right of and above location where backpack is stowed temporarily -

. . . . - 3
32 in, wide by 32 in, high by 16 in, deep (9.5 {t")

If the IMBLMS were deployed for operation in the ECM, there would be only minimal
room for two persons. There is no filtered compartment; hence,biochemical analyses
involving liquids would have to be designed with special care. It appears possible to
stow all of the IMBLMS within the RCM; however, little space would be available for

any other engineering or scientific measurement equipment,
4.2,3 Multiple Docking Adapter (MDA)

The MDA is a cylindrical pressure vessel approximately 17 ft long. It is cantilevered

from the AM structural transition section (STS) at one end and tapers to an axial dock-

ing port at the other end. Four additional docking ports are spaced at 90-deg intervals,

radial to the cylindrical section. A grid floor, normal to the longitudinal axis, is lo~-
cated approximately 23 in, below the centerline of the radial docking port. Four flat
grid walls, parallel to the longitudinal axis, are mounted between the STS and the grid

floor. Experiments and equipment can be mounted on both sides of these walls.,

Approximately 800 ft3 is available in the MDA for equipment storage; with equipment

installed, there is approximately 5 to 6 ft3 of free-swept volume extending down the

length of the 13.5-ft, constant-diameter cylinder. The diameter of the hatch to the AM

is approximately 40 in,, permitting transfer of experiment equipment packages of up
to 20 in, by 30 in, by 40 in. Once on orbit, the MDA will be provided with a two-gas
atmosphere, and umbilicals will be provided to receive power and data management
control from the AM. Astronaut tether and mobility aids will permit experiment

operation as well as dismounting and transport of experiment packages.
There is sufficient available volume in the MDA to conduct the IMBLMS experiment
program in the event the OWS is not habitable. With the possible exception of the ro-

tary chair, adequate free-swept volume exists for conduct of measurements employ-

ing the larger experiment equipment. The crew experiment stations can be set up and

4-6
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deployed in the MDA with minimum restriction to crew passage. The MDA appearstobe

the best spacecraft for backup to the OWSTor IMBLMS experiments and measurements.
4,.2.4 S-IVB Orbital Workshop (OWS), Wet Concept

The OWS is essentially an S-IVB spent stage, purged and readied for astronaut occu-
pancy. The LH2 tank used for manned activities is approximately 22 ft in diameter
and 26 ft long (10,460 fi:g). A flat, open-mesh partition, both sides of which are usa-
ble as a floor, is installed approximately 96 in. above the common bulkhead and per-
pendicular to the tank wall, A ceiling consisting of pre-installed handrails will be
located between the floor and the common bulkhead, 78 in. from the floor (Fig. 4-2).
A cloth ceiling, between the handrails and the common bulkhead, will be installed on
orbit. Pre-installed walls will partition the volume between the floor and ceiling into
five compartments — two for sleeping and, one each for food management, waste man-
agement, and experiments (the latter 1,300 ft3). The food and waste management com-
partments are enclosed to prevent odor and liquid contamination of other areas, and
each is provided with a venting-fan system. A port with a diameter of approximately

3 in, is provided through the insulation and skin of the LH2 tank. A valve is mounted
in this port for disposal of biological waste and to provide a vacuum source for experi-
ments. A hardline voice communication link is provided from the OWS via the AM to
all modules of the Cluster. Pre-installed wiring distributes electrical power and data

management to selected points in the OWS,

Experiment equipment will be mounted in the OWS crew compartment experiment area -
either on the grid floor, on grid walls of the crew compartments, or on special mount-
ing rails between the thermal curtain hat sections on the tank wall, Equipment packages
will be transported to the OWS from the MDA, through the AM, and down the "fireman's
pole" into the crew compartment for subsequent installation, set-up, and operation.
There is more than adequate volume in the OWS crew compartment experiment area for
the installation and operation of the IMBLMS, includingthe large peripheral measure-

ment equipment items.

4-7
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4.2.5 S-IVB Orbital Workshon, Dry {(or Ground-Fitted) Concept

The 5-IVB OWS, launched in a dry configuration, is essentially an evolutionary appli-
cation of the S-IVPE structural shell — modified and ground-outfitted for use as an orbi-
tal laboratory. Station docking facilities are provided with a modified Multiple Docking
Adapter Module (MDAM) mounted in the LM attach fittings forward and the single-docking
AM on the interstage conical surface aft. The docking adapters accept normal CSM-LM
docking fittings. Exterior module operations and EVA are centralized in the forward
region of the station module around the MDAM. A secondary dock and EVA port is lo~
cated in the aft interstage surface. The central region of the station module (S-IVB
pressure vessel) contains the crew, control, and internal laboratory facilities that
operate in a shirtsleeve environment, In addition to the internal experiment labora-
tories, the major experiment installation occupies the entire truncated cone of the
S-IVB/S-II interstage aft, a volume of 8,500 ftB. The astronomy module and the
Earth-sensor module are environmental volumes with direct crew access from the
oxygen tank for maintenance and servicing. Exterior doors on the module provide
direct exterior viewing after the atmosphere has been pumped back into the main sta-
tion for storage. The remaining experiments require only occasional access through
crew EVA, and are space-exposed with aft or side viewing by boom extensions irom
their stowed position, A limited number of experiments are externally mounted, and

a few are stowed in the MDAM and launched through an air lock in the forward face of
the MDAM.,

The internal station module arrangement consists of three major pressure volumes:
MDAM, 1,450 ft3 plus 120 ft3 in the EVA airlock; 8-IVB hydrogen tank, 10,458 ft3;

and S-IVB oxygen tank, 2,827 ftS. The oxygen tank is an experiment laboratory re-
gion; it services the external aft experiment installation and the aft airlock module,
with crew pressurized access to the Earth-sensor module; the astronomy module;

and the aft airlock module, Three full-deck levels and a centrifuge occupy the hydro-
~gen tank (Fig. 4-3). Two of the three deck compartments are devoted to crew habita-
tion; one consists of the galley and wardroom, while the second is the hygiene compart-
ment (two toilet facilities and space allocation for a crew shower and laundry facilities),

The third compartment is the command and control center.

4-9
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The third deck can, essentially, accommodate the IMBLMS in two compartments, The
total 925-ft” volume includes a 225-1t7, filtered compartment for a biochemical wet
laboratory. .
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Section 5
DATA MANAGEMENT

5.1 SYSTEM APPROACH

The IMBLMS data management element of IMBLMS was designed to provide the follow-

ing characteristics and meet related requirements:

@ Minimization and simplification of astronaut manual tasks by means of
automatic data routing, analysis, and display

® Flexibility for expansion
Capability for on-board measurement modification

e Instrumentation design parallel to that of AAP

A design which reduces the number of manual tasks to be performed by astronauts
promotes astronavt efficiency and system acceptance by the astronaut. Similarly, a
design providing simplicity in operation tends to complement these goals. Automatic
data routing, analysis, and display are additional steps towards accomplishing this
efficiency for astronaut/experimenters and, in the case of an astronaut/physician,

constitute a means of providing accurate on-orbit data for his immediate interpretation.

To achieve flexibility for system expansion it was first necessary to design a total data
management system. Such an approach permits easy subdivision for the purpose of
incremental measurement (as required) support. A capability for on~board measure-
ment modification was provided through the use of high speed random access multi-

plexing equipment and multipurpose digital displays.
Current AAP instrumentation design concepts are not sufficiently concrete to permit

the IMBLMS to become completely dependent on such a system. As a consequence, a

paralleling of the current AAP instrumentation design requirements, with close
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monitoring of these requirements, will result in an IMBLMS data acquisition system
which can be readily adapted to the AAP equipment. A changeover will be possible

in either the design stage or during the early hardware stages.
“5.1.1 BASIC CONFIGURATION

A review of all the biomedical measurement functional flow diagrams yielded a series
of requirements for acquiring, processing, displaying, recording, and forwarding data
to the ground. Once the data reaches the ground it is necessary to convert this infor-
mation into an understandable format for analysis and interpretation by the principal
investigator. On-orbit preformatting of the data minimizes the latter task. These
various requirements for handling the measurement data were grouped into a data
management element, and a functional flow diagram (Fig. 5-1) was created to indicate
their interrelationship. Each of the gross functions on this top level diagram was sub-
divided into more precise functional requirements from which specific items of equip-

ment were definable. Where a function provided alternate choices for subdivisions

or alternate choices for equipment to fulfill that function, tradeoff studies were performed.

Figure 5-2 presents an equipment block diagram of the entire data management system
as evolved from the functional flow diagrams and associated design requirements.
Signal flow between each of the equipments and to and from the spacecraft is indicated.
Technically, the dynamic physiologic monitor is not an integral part of data manage-
ment; however, it contains the combined analog / digital (A/D) data recorder of the
data management system, and it represents the nucleus of a growth or backup opera-
tional capability. Equipment of other IMBLMS elements that interfaces with the data
management element is shown in the dotted blocks of Fig. 5-2. Interconnection with
the biochemical station is currently not a well-defined requirement; however, more
accurate transducers for the conversion of biochemical phenomena to voltage equiva-
lents are under development, and the need for mecting their potential interface re~uire-

ments cannot be overlooked.
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Figure 5-3 presents a front view of the data management modules. These modules

include the following equipment:

Video cameras and a microscope

Video recorder

Combined video and oscillographic display monitor

Numerical data entry panel

Memo recorder

Digital data processor with input keyboard and associated displays
Timers

Spacecraft telemetry controls

& & 6 & & e e o e

New combined analog/digital magnetic tape recorder (previously indica-

ted as a submodule in the dynamic physiologic monitor).

All of this equipment is not needed to support an IMBLMS which might have very limit-

ed measurement requirements (e.g., safety or clinical monitoring only in contrast to
2 a comprehensive measurement and analysis capability).
&

The dynamic physiologic monitor, by virtue of direct input connectors and its tape

recorder, can display and record (jointly or independently) blood pressure, heart rate,

EVA suit pressure, suit coolant flow, pCO4, and body temperature. This module is

portable and also contains its own calibration/monitor oscilloscope. Other biomedical

modules will also be designed with direct sensor input connectors to permit backup

operation in the case of a data management system malfunction. Independent use of

the dynamic physiologic monitor and the vascular dynamic module will provide a

partial clinical monitoring capability.

5.1.2 Growth Potential

" . Growth from this basic configuration can be accomplished through the addition of a pro-

cessor module and associated junction box with interface switching. This addition can

provide a gross improvement in the on-orbit capability for processing and displaying
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data. Transducer inputs can thus bé very accurately sampled, converted to a digital
format, and then displayed on one of the three digital displays associated with the
processor. Thes2 very accurate readouts — in the range of 0.1 percent rather than

the 1 to 5 percent attainable with analog and FM/F’M techniques — can be recorded and
returned to the ground in digital form. Computations, calibration curve fitting and
correction, removal of redundant data, etc. will be possible. Various measurement
programs can be stored in the processor memory to aid in electronically routing input
and output data, and activated by a simple entry of the appropriate measurement identi-
fication at the processor keyboard. Further growth will be possible through addition
of the video system, thus permit the on-board recording of microscope images and
other visual observations and their returned to the ground prior to the end of a mission.
The visual monitor asscciated with this system also provides four channels of standard

oscillographic display, besides serving as a key element in several behavioral tasks.

Addition of the numerical data entry module, together with an alphanumeric printer,
enhances the recording of biochemical data and improves considerébly the efficiency
of the ground-based Principal Investigator to provide the astronaut with such informa-

tion as digital uplink instructors or program changes.

A memo (audio) recorder has been added to improve the ''no-hands" experimental data
logging for later playback and entry into the system. Located just below the memo
recorder is a set of controls for remote operation of the applicable spacecraft trans-
mitters. These controls are designed to operate with the AM transmitters; however,

adaptation to the USB transmitters in the CSM will be a relatively simple task.

More detailed discussion of the various data management equipment capabilities, needs,
and uses, and related development status and cost aspects, are presented under speci-

fic equipment heading in the remainder of this section.
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5.2 DATA MANAGEMENT AAP SPACECRATT INTERTFACE

The data acquisition~recording capabilities in both the AM and OWS carriers were
considered for IMBLMS use. The VHF transmitters proposed for these carriers were

considered slong with the possible use of one of the USB fransmitters in the CSM. The - =

bandwidth available with the USB transmitter permits the transmission of normal-scan “
or recorded and speeded-up slow-scan television pictures to the ground. Use of the .

CSM S-band transmitter is the recommended approach.

5.2.1 Experiment Data Acquisition System

The current experiment data acquisition systern (EDAS) concept provides inputs to a
modified AM pulse-code-modulation (PCM) system with modified PCM recorders. The
PCM multiplexing format provides 2 or 3 channels with 320 sample/sec capability.

The recorders were modified from dual digital-track units to one digital-track and

one voice (analog) track unit, primarily to sample and record cardiac signals

which require bandwidths of 0 to 100 Hz. Unfortunately, there is insufficient sampling/

recording capability in this system to handle the simultaneous nine to ten 0-to-100 Hz

input channels together with some 47 other inputs required during an IMBLMS LBNP

determination.

5.2.2 Experiment and Housekeeping Data System

A new experiment and housekeeping data acquisition system concept is presently ap-
proaching development and Cluster application. This concept provides a much higher
speed sampling with random access multiplexing capability expandable {rom 64 to
1,024 analog inpufs. Inputs from this system, following IMBLMS growth from its
basic analog configuration to a digital system, would be very useful, although the mix-

ing of experiment data with housekeeping data creates ground decommutation and

handling problems. In view of these potential problems, the IMBLMS design will

parallel the new concept with an IMBLMS multiplexing capability, except that fewer
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channels will be provided. Should this potential problem area prove surmountable,

utilization of the new data system can be readily implemented.
5.2.3 Experiment Support System (ESS)

This system, now in a conceptual stage, will provide the eight approved AAP experi-
ments with a central location for such components as stored electrodes and harnesses;
an electrode checkout device; utility menitoring and control; an automatic, blood-
pressure, cuff-inflation unit; blood-pressure (systolic only) readout; and heart-rate
readout. Since the ESS is designed only for early experiment support, it is recommend-
ed that the displays and other components, as applicable, be repackaged into the IMBLMS

configuration.

The AM will have 96 real-time digital command functions on its UHF receiver (up-link)
of which 18 are presently unassigned. The IMBLMS, with aid of additional encoding,
will use these 18 command channels for the transmittal of experiment change and cor-
rection instructions, operation of an on-hoard digital printer for a communication link

other than voice, and ground control of IMBLMS recorder readouts and other data.
5.3 DATA MANAGEMENT RECORDERS

Provision for recording information is an essential aspect of three IMBLMS techniques
for obtaining required measurement data. These techniques include analog-type data
for various biological parameters, which are recorded directly or converted to digital
(PCM) format (for storage and later transmission to ground); a memo-recorder (i.e.,
verbal ""scratch-pad") enabling the astronaut to dictate notes for later playback and

use; and the recording of video images by the IMBLMS TV camera system.
The analog-to-digital (A/D) recorder will be a 3-speed, 1l4-track unit with playback
capability. Various transducers will receive stimuli from up to 58 distinct physiologi-

cal and environmental sources and this information will be recorded on 12 of the 14

available recorder tracks, either directly or in an FM-multiplexed or commutated
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mode. The two remaining tracks will be utilized as a lock (for ground station synchro-
nization) or for audio data (i.e., subjective comments made by the astronaut during

tests). The video recorder is discussed subsequently in Section 5. 6.

To implement the recording of 58 simultaneous data inputs (channels) on the 12 avail-
able tracks, FM multiplexing and PCM techniques will be used. The FM technique
allows many channels of data to be recorded on a single analog track by using direct
recording with a high frequency a-c bias. In the full system configuration (non-portable)
each data input will be sampled at discreet, rapid intervals; converted to PCM; and
recorded. Data inputs can also be displayed on the monitor/oscilloscope while being
recorded to verify transducer operation and recorded status. To permit portable
operation, four of the 12 tracks will be retained for recording direct analog data (using
IRIG FM techniques) and the other 8 will record digital data. Channels carrying data
with a slow rate of variation (e.g., skin temperature) will be subcommutated at a much
slower rate, and injected into the sampling train at longer intervals. All data will be
dumped on ground station or spacecraft command. The astronaut will be able to change

tape reels easily should retention of a particular reel be desired.

The memo (scratchpad) recorder provides 1 hr of voice recording at a tape speed of

1 ips. It will be compatible with the astronaut microphone and earphones so that he

can record or play back verbal notes at any time. Reels can be easily changed to re-

tain particular notes or to provide, perhaps, audio stimuli for various behavioral tasks.

5.4 DATA MANAGEMENT PROCESSOR AND INTERFACE SWITCHING

eps

Major aspects of the requirements for this aspect of the data management system in-
clude an acquisition and processor function, modular growth, display capability, and

interface switching.

5.4.1 IMBLMS Processor

IMBLMS requirements indicated the need for a data acquisition system and digital data

processor to evaluate and convert incoming analog signals for display and/or
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transmission to the ground. The processor, in its basic configuration, will perform

as a data compresscor for reducing the total data for transmission or storage by elimi-

i

nating redundant cata.

5

. Inputs to the processor will consist of 256 channels of either analog or 8-bit digital

words. The analog data are multiplexed (sampled) and forwarded to an 8§-bit A/D
converter. The output from the converter is then multiplexed with the 8-bit digital

words and delivered to the processor.

g The analog multiplexer will be designed with three levels of analog gates. Operational
amplifiers will be used after the second and third levels. A zener diode is used at the
inputs of each of the operational amplifiers to prevent the amplifiers from going into
saturation if a multiplexer input channel has an open connection, (e.g., an electrode

disconnecting from the astronaut.) Programming of the processor will allow the selec-

tion of the desired data compression algorithm.

% A general purpose airborne computer could handle these requirements, but would re-
quire an expanded multiplexer and excessive time for the removal of redundant data.
Most computers of this type do not have provision for modifying the program while in

orbit. Design of a special compressor/ processor will best meet IMBLMS requirements.
5.4.2 Modular Growth

A modular expansion capability designed into the processor will allow an easy conver-
sion to a full computational capability. Additional tasks can be performed with this
add-on capability} such as data conversion for alphanumeric display, recall of previous-
ly processed data for on-board analysis, and acceptance of ground instructions for

display and program correction.
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5.4.3 Display Capability

Three digital dicplays will be provided for read-cut in measurement units for various
measurements. Alarm conditions will be easily deiectable, and the astronauts will
be alerted by visual and auditory means. Display of other less important spacecraft
and measurement information can be provided by commands from the processor key-
board. Digital values loaded into the various memories will be displayed before load-

ing and may be unloaded for program verification.
5.4.4 Interface Switching

The numerous sensor inputs and the interconnects from externsal equipment must be
easily connected to the PBDM station moduleg. The A/D tape recorder and the pro-
cessor must have signal access to the various modules and many intramodule connec-
tions will be required. Since a few of these connections need be permanent, the vari-
ous interconnecting lines can be efficiently shared by incorporating a switching

network.

A trade study comparing manual versus automatic switching indicated that an elec-
tronic switching system, controlled by the processor, is essential to performing these
complex switching functions, and to maintaining astronaut tasks at a reasonable level.
The electronic switching network will be controlled by commands from the IMBLMS
processor, and will allow switching connection commands in the processor memory
to be easily altered on the ground or on-orbit, when required meet changes in test

philosophy and requirements.

Each station module will require power connection, and several have water and
air-pressure connections. The electronic switching network is incorporated in the
junction box tc uyrovide optimum switching capalility with a minimum of module inter-~
connections, and to allow later modification of planned experiments and switching-

network storage commands.
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5.5 DATA MANAGEMENT MANUAL DATA ENTRY AND PRINTER

- Many biochemical measurements will require syctem entry of numerical data for

recording and for recording and for intermittent test data analysis. This information

- will be recorded for delayed transmission to ground or transmitted on a real-time

system. The data may also be printed on tape at a remote location (e.g., the pro-

posed LM teleprinter) or at a printer located in the IMBLMS station.

A trade study was conducted comparing the results of using a remote printer, an on-
station printer, or none at all. The outcome was a recommendation for a line printer
located at the PBDM station and providing an on-board hard copy of the intermittently

entered numerical data which yielded a continuous record of the experiments. The

accuracy of recorded results and systems reliability will be further enhanced by
permitting the printer to serve as means of displaying ground commands and computer
g output results. A remote LM printer could also yield a hard copy of the test data,

but it would not provide immediate visual verification of input data. Further, the

LM printer may also used for many other functions, and the IMBLMS data could

easily be obscured by other printed information.

The actual process of manual numerical data entry requires simplicity of execution,
high reliability, low time consumption, and possibly redundant data elimination. Five
configurations were studied, ir_xcluding handwritten data; a combination of thumbwheel,
digit dial switches, and line printer; the Apollo keyboard; a card reader system; and

a typewriter keyboard.

The least complex method — handwritten data — presents the greatest difficulty in
supplying reliable flight information to the ground, since it will have to be transmitted
by voice. The more complex methods, such as the Apollo keyboard, require new
hardware develupment, are more expensive, and add to the astronaut manipulation
burden. Consequently, the combination of thumbwheel, digit dial switches, and line

C - printer was selected for IMBLMS data management purposes.
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With this method, numerical test information is entered by means of digit switches
on the data entry panel. A 'print” command resulis in a verilying printed tape
which also serves as the on-board hard copy. Etrrors may be corrected with a "ciear”
command, and a new entry may then be printed out. An "enter" command records
the data while a storage bhuffer retains the information for comparison with the next

entry to provide redundant data elimination when desired.

5.6 DATA MANAGEMENT VIDEO SYSTEM

The data management video system will serve as the on-board sensing, display, and
recording media for information pertinent to varicus biological, physiological, psycho-
logical, and physical measurements, functions, and activities of the astronauts. With-
out some method of visual sensing or display, a seriocus degradation of both quantita-
tive and qualitative information necessary for a thorough evaluation of mission success
will occur. Precise hematological, urine, and microbiological examination will be
delayed until the end of the mission if a qualified laboratory technician/astronaut is
not available on-board the spacecraft. Even the presence of a qualified astronaut

may not eliminate the need for presenting real-time data to a ground-based principal
investigator. Close examination of astronauts while performing ergometer, LBNP,
and routine cabin activities, or for time and motion studies, will be required on a

real-time basis to obtain meaningful and complete data on astronaut performance.

Consideration was given to the sole use of motion-picture cameras to supplement the

nonvideo electrical sensors but this was rejected on the basis that photographic infor-
mation would have to wait until the end of the mission for evaluation. However, such
cameras, if available on-board the spacecraft, could function as a very useful adjunct

to a video system.

A video system is therefore recommended as an essential equipment for inclusion in
the IMBLMS. Such a system, to provide comprehensive coverage of all the parameters

involved, will encompass the following subsystems:
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e Cameras(2)— 2.5 in. by 10 in., approx. 3.5-lb wt (ea.), with camera
control unit (8 in. | approx 25-1b wt) supplying power to
and process signals from both camera heads

e Combination video-monitor and oscillator display unit

e Video recorder with nlayback capability

The subsystem interconnect will permit the video images sensed by the cameras to be

displayed on the monitor, recorded on the tape recorder, or sent directly to the ground.

Each camera will have a distinct function, but these functions will be interchangeable
in case of failure of either unit. The camera that interfaces with the microscope
will operate at 0. 625 frames/ sec with a resolution of at least 1, 050 scan lines. Since
the frame/ line rate is a function of bandwidth and will be designed within limited
bandwidth constraints (i.e., for use with CSM USB equipment), the frame rate must
be lowered to provide high resolution for a maximum medical/biological analysis
capability. The second camera will operate at 10 frames/ sec with a reduced scan
rate of 525 lines, again to stay within bandwidth limitations. This second camera
will observe the astronauts in the performance of their various tasks, tests, and
functions, and a higher frame rate therefore must be used in viewing this area of
potentially greater activity (in contrast to the observation of semipassive microscope

specimens).

Both cameras will interconnect with a single control unit. The camera control unit
interfaces with both the videotape recorder and the monitor/oscilloscope to provide

individual or simultaneous video signal inputs.

The videotape recorder performs a dual function. It not only receives video input
information for recording but is capable of playing back preprogrammed tapes con-
taining behavioial tasks and tests for display on the monitor. The recorder (4.5 1in.
by 9 in. by 14 in. in size), will provide a minimum of 24-min recording/playback time

and be able, upon command, to dump the recorded video information to a ground station,
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The astronaut will be able to exchange tapes and insert the behavioral tapes at what-

ever time is specified in the mission schedule.

The integrated video-monitor/oscilloscope will display the video images prior to or
during recording. It also will display, on a time-sharing basis, up to four analog or
digital (in PCM form) channels of data from the A/D recorder to permit verification
of the recording. The monitor is a 7 in. by 6-1/2 in. by 15 in. in size, weighs 20 1b. |
and will be primarily used for visually checking the focus and clarity of the specimen
slides in the microscope/camera setup before camera recording is initiated. Record-
ings in the active area can be similarly verified. A dual persistence feature will allow

either image or traces to be displayed for long as well as short periods.
5.7 GROUND NETWORK CONSIDERATIONS

Much of the physiological data, and some of the biochemical data (e.g., white blood-
cell count), should be in the hands of a ground-based principle investigator in near
real-time. These data relate primarily to astronaut well-being and safety. If one
of the astronauts is also a trained physician, it becomes more important to provide
accurate, complete data by means of the on-board equipment. Data relayed to the
ground in the latter case loses some of its urgency. Nevertheless, this provision
does allow for back-up diagnosis, more thorough trend analysis, and quicker ground

response for possible measurement modification.

Most real-time data, to be of immediate value, must be transmitted directly to MSC,
KSC, or Corpus Christi for analysis and evaluation. Data transmitted to other ground
stations will have to be recorded and then forwarded by whatever transportation is
available to MSC, KSC, or Corpus Christi for similar purposes. The related delay

thus removes the transmitted data from its real-time category.
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mentioned, creates two problems. First, this method takes longer to extract the
IMBLMS measurement information from a data ¢tream and, second, it requires sddi-
tional equipment. A solution is available with the IMBLMS data management capabi-
lities. The IMBLMS processor can provide the data to the IMBLMS recorders and,
ultimately, to the spacecraft transmitters, in various formats. One format acceler-
ates ground handling of IMBLMS data (not combined with spacecraft-housekeeping in-
formation) whereas another format (simultaneous) simplifies on-board display and

measurement evaluation.

In view of the foregoing considerations, it can be seen that the IMBLMS data manage-
ment system, through its growth capabilities, complements both on-orhit measurement

flexibility and ground-based, data-handling requirements.
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Section 6
SYSTEM ENGINEERING

6.1 GENERAL

The overall IMBLMS concept consists of the following major elements:

Physiological/behavioral/data management station (PBDM)
Biochemical station

Major peripheral measurement equipment

Storage capability for small equipment items and expendables

Major items applicable to both stations are individual modules, module storage frames,

protective covers, MDA support frames, and OWS ground-fitted support frames.
6.2 OVERALL DESIGN CONCEPT

The PBDM station incorporates five measurement modules organized around body
organ functions, five data management modules, a support storage module for periph-
eral equipment, an interface and distribution system module that permits signal pickup
from remotely located peripheral measurement equipment (and which provides hard-
wire connection for stowed biomedical harnesses), sensors and signal conditioners,
and a junction box that permits the distribution of signals and and provide a separate
routing for on-board power. Auxiliary support such as water, vacuum, and air pres-
sure is provided by spacecraft supply and will junction directly with the module

involved.

The Biochemical station requires four modules used for biochemical analysis and
isotope monitoring, and for incubation purposes. It also requires two modules for

use, respectively, as a waste collection compartment and a storage space for a




T-30-68-1

microscope. A separate module is employed as a {reezer unit, and a nonstandard

module serves as a supply storage container and as a housing for the centrifuge.

At launch the individual modules are stored in single or two- or four-module storage
frames, depending on transportability requirements. These storage frames, as
shown in Fig. 6-1, are housed in welded tubular MDA support frames held in level
position by tension members which are provided with a vibration damper (Fig. 6-2).
Vibration isolation is required for this type of installation due to the launch environ-

ment of the Saturn V Launch Vehicle.

For the 5-IVB OWS, LMSC recommends locating the PBDM station in the Crew
Experiment Cempartment (No. 1) and the Biochemical Station in the Waste Manage-
ment Area Compartment {(No. 3). (See Fig. 6-3.) The modules transported from
the MDA ia single or two- or four-module units are mounted to a welded tubular
frame which has been ground-fitted to the OWS. The frame in turn is mounted on a
set of rails pre-installed on the grid-patterned OWS floor. The rails permit slid-
ing the stations away from the wall so that the crew members can easily reach behind

the station for access to cables and plumbing.

Peripheral equipment items are categorized by their location with respect to the

IMBLMS. Some peripheral equipment (e.g., the VCG, ECG, and blood-pressure

cuffs) is located in an adjoining interface and distribution system module. This per-

mits hard-wiring and direct interconnection to the junction box. Other peripheral

equipment, such as the TV camera, is stowed in the printer module for easy operator
access. A major proportion of the peripheral equipment (e.g., the rotary chair,

mass measurement system, and ergometer) will be stowed in individual canisters.

The IMBLMS is afranged so that this peripheral equipment can be brought up to

either side of the station and, in some cases, in front of the unit. The IMBLMS pro-
vides interconnection and distribution for all peripheral equipment, augmented by

display and recording functions when required.

6-2
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Fig. 6-1 Avrancement for TMBLAMS/ MDA
Instaliation
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6.3 ENGINEERING REQUIREMENTS SUMMARY

The establishment oi engineering requirements requires the examination of all factors
that influence the IMBLMS design concept. A flow diagram reflecting the system
engineering approach that was followed is shown in Fig. 6-4. This approach is organ-
ized around the special study requirements specified for the Phase B, Section II effort.
It does not employ the detailed Phase C analytical studies, which will include thermo-
dynamics, structures, loads, and dynamics; however, it does examine closely the
special problems associated with IMBLMS and the particular interface areas associ-
ated with AAP, As shown in Fig. 6-4, the initial inputs were the previous efforts and

definitions afforded by IMBLMS Phases A and B, Section 1.

The AAP general experiment specifications and the design standard bulletins issued by
the Manned Spacecraft Criteria and Standards Board were reviewed for applicability
and the pertinent items included in the Master Requirement Allocation Sheet (MRAS)
. with the emphasis on the specific approach to be used in the IMBLMS program to meet
the stated requirements. Engineering data gathered during the study were attached to
the MRAS and governed the design effort in terms of developing equipment block dia-

grams and station layouts.

Major engineering requirements established were as follows:

® Grouping of measurement equipment in accordance with a specific body
organ or class of measurement

® Centralizing data management and control so that storage, recording,
display, evaluation, and control can be accomplished for all modules

e Physical separation of physiological/behavioral measurements from
biochemical measurements, and provision of a filtered compartment
for those measurements involving liquid or gas »

® DProvision for interconnect and distritution at the centralized PBDM
station for all peripheral measurement equipment, such as the LBNP,

ergometer, and mass measurement system

6-6
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@ Prelaunch installation capability in the RCM, LM-~Lab, and MDA
Prelaunch installation of sfation support frames in the QWS

e Vouwme/mass factor consistent with transporting modules from the MDA
to the OWS

& Standard modules, defined as integrated plug-in units measuring 9.5 by
9.5 by 18 in. for the PBDM station and 9.5 by 9.5 by 9.5 in. for the
Biochemical station

® Nonstandard modules to be dimensioned multiples of the standard PBDM

module and similar in depth

© Submodules defined as (1) simple replaceable components of a module
or (2) small functional unrelated urits measuring half or quarter of the
standard size and varying in depth, but not exceeding the maximum of
the affected standard module

® Submodules to be removed and/or replaced only when the affected

standard module is removed from its mounting

6.4 EQUIPMENT BLOCK DIAGRAM

The equipment block diagrams are used to accomplish the transition from functional

orientation, as depicted by the functional flow diagrams and the design requirements
of the requirements allocation sheets, to equipment orientation. Requirements for
calibration, alarm, computation, maintainability, and reliability must be resolved

prior to creating equipment block diagrams. These diagrams are organized around

the individual modules required for specific body organ measurements, summarize

major components, and illustrate their interfaces with the complete system. They

permit, in turn, the initiation of the next detailed design step of determining electri-
cal wiring requirements, harness layouts, and detail schematics and design layouts.

A typical example of an equipment block diagram is shown in Fig. 6-5, which indicates

the major components required to conduct dynamic physiologic monitoring.

The functional flow diagrams and the system engineering analysis that preceded the

equipme:: block diagram are key engineering tools. The dynamic physiologic monitor-

ing imposes unique requirements on the block diagrams since it requires intrastation

and BVA provisions.
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The top group of sensors which are shown in Fig. 6-5 for intrastation use are linked
closely together. Sensor harness connection for this peripheral equipment is shown
as a separate connection distinguishing it from the EVA umbilical connection. The
intrastation and & VA group utilize the same sensors as shown; however, the block
diagram illustrates that separate harness connectors are provided. Computational
requirements are shown for both cardiotachometer and respiration. The EVA-only
category applies to sensors and amplifiers located on the EVA astronaut. Two operaty-
ing modes are illustrated —hard-wire umbilical or near-field telemetry. Display and
alarm circuits are shown linked to their respective signal conditioning equipment, An
instrumentation calibration oscilloscope is shown for gross display of performance
capability of individual signal conditioners, together with a signal generator provided

for applicable calibration.
6.5 MAJOR ENGINEERING INVESTIGATIONS

Critical engineering areas were identified and analysis performed in those areas
~concerned with IMBIMS installation in the RCM, LM-Lab, MDA, and OWS. Module
design analysis covered handling, maintainability, calibration, and electromagnetic

interference.
6.5.1 Installation Considerations

Installation techniques considered were (1) initial storage in the MDA and subsequent
transfer to the OWS for operation, (2) ground-fitted installation in the RCM and/or
LM-Lab, and (3) initial storage in the MDA with a capability for operating the IMBLMS
in that location or subsequently in the OWS. Consideration was also given to a com-~

pletely dry-fitted 3-IVB, and this alternative is discussed in Section 6. 10.

Installation in the OWS., The installation of the system within the confines of the OWS

shown in Fig. 6-3 is based on design requirements that the system will not be exposed
to the launch environment within the OWS. The mounting frames, therefore, can be
designed to an ultimate load of 1 g in all directions, or to the expected handling loads

in an Earth environment, whichever is greater.
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The PBDM station is located in the Crew Experiment Compariment (No. 1) and its
modules are mounted to a welded tubular frame which is fitted into a set of rails
installed on the grid patterned OWS floor. The empty tubular frame and the rails

are installed in the OWS before launch and therefore experience the launch environ-
ment in only an unloaded condition. The rails make it possible to slide the station
away from the wall so that the crew members can easily reach the rear of the unit

for connection and disconnection of cables and plumbing, and for maintenance, thereby

providing greater flexibility in the crew experiment compartment.

An alternate version of the pre-installed, tubular-frame design is a collapsible frame
concept which would be carried to orbit in the MDA or RCM and, after purging, trans-
ferred to and installed in the S-IVB OWS. . However, preliminary investigation indi-

cates that this approach involves a weight penalty an increase in station setup time of.

Installation in the MDA. The installation frames for the Biochemical station and the

PBDM station (Fig. 6-1) consist of welded tubular structures mounted against the
inside of the octagonal payload mounting structure which is attached within the MDA

by means of hinge pins. The frames are held in level position by tension members
equipped with a vibration damper (Fig. 6-2). Vibration isolation is considered neces-
sary for this type of installation because the equipment will experience the full launch
environment, yet it cannot be mounted permanently by means of bolts or similarattach-
ment because quick and easy removal and replacement are required by the orbital
environment. Although the rear of the module faces the wall, quick connection and
disconnection of electrical harnesses and plumbing can easily be accomplished by
removing the ball-lock pins provided at the end of the tension members, and rotating

the entire package 90 deg so that the rear moves to a top position.

If the mission subsequently calls for IMBLMS operation in the OWS, this removable
type of installation provides the advantage that, after removal of all module units, the
frames and tension members can be stored flat against the wall, leaving a fair amount
of highly desirable empty space for astronaut movement in the MDA. When opera-

tion of the IMBLMS in the MDA is not contemplated, i.e., when the MDA is used only
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as a transportation medium for the system, the alternate location for the PBDM

station, as shown above the Biochemical station in Fig. 6-1, could be considered.

Installation in the RCM and LM-Lab. The optimum method for installing the IMBLMS

in the two candidate carriers (RCM and LM-Lab) is by ground installation. A limited
number of modules are possible; hpowever, the major problem is the swept volume
requirements of the major peripheral equipment, such as the LBNP and the ergometer.
A pre-installed rack, that will permit the removal and replaoemeht of individual
modules is recommended. Such a rack can provide access to spacecraft power and
communication. It will be mounted flat against the cabin walls to afford maximum

cabin area for conduct of the experiments.

6.5.2 Handling and Transportability

To reduce the complexity of transporting the IMBLMS from the MDA to the OWS, a
packaging arrangemenf was developed that will permit transferring single, double-,
or four-module units. This approach reduces the mass/volume problem since the
maximum four-module unit, with an envelope of 19.5 by 19.5 by 18 in., will weigh
less than 150 1b.

Methods of handling the modules were examined, and the following basic techniques

show promise:

e Dumbbell technique (tying two modules together by a common support

joint)

@ Shield strap technique (permiting hand and arm to be inserted through

two straps, affording maximum leverage)

@ Pistol grip (inserting pistol grip into structural provisions on the
modules)

@ Handle integral with the module but recessed

All four techniques can be employed in order to minimize the number of trips required
to complete the installation from the MDA to the OWS, The recessed handle in the

module permits easy removal and replacement modules during operation.
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6.5.3 Module Intercounection and Interface Switching

The numerous sensor inputs and interconnects from peripheral equipment must be
easily connected tv the PBDM station modules. The analog/digital (A/D) tape recorder
and the processor must have signal access to the various modules; in addition, many
intramodule connections will be required. Only a few of these connections are perma-
nent, and the various interconnecting lines can be efficiently shared by incorporating

a switching network.

A tradeoff study, comparing manual versus automatic switching, indicated that an
electronic switching system, controlled by the processor, is essential to the perform-
ance of these complex switching functions, and to the maintenance of astronaut tasks
at a reasonable level. The electronic switching network will be controlled by com-
mands from the processor, and will allow switching connection commands in the pro-
cessor memory to be easily altered on the ground or on-orbit in order to satisfy

changes in test philosophy and requirements.

Figure 6-6 shows the signal interface connections for the PBDM station. Each module
requires a separate power connection and a few require water, vacuum, and air-
pressure connections. The electronic switching network is included in the junction
box to provide optimum switching capability with a minimum of module interconnec-
tions, and to allow later modification of planned experiments and switching network

storage commands.

6.5.4 Calibration

On-board calibration equipment is required for the IMBLMS to verify satisfactory
equipment operation. In addition, provision must be made for calibration during the

important mission phases of prelaunch, in-flight operation, and reactivation.

Prelaunch calibration procedures will be consistent with preflight operations at KSC

(Ref. 6-1). Two approaches have been analyzed: (1) ground calibration performed at
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g‘% manufacturer's plant and system delivered to KSC in sealed condition, or (2) system
i3 assembled at XKSC and system calibration runs periormed. The latter approach is
recommended as the IMBLMS is an integrated system and must be checked out with

- all peripheral equipment attached and operating.

The following four levels of calibration will be used for IMBLMS during in-flight

calibration:

Check for operation
Qualitative calibration check

Applied calibration

Adjusted calibration

An example of the check for operation is the viewing of vectorcardiogram waveiorms
on the CRT, The qualitative calibration check will yield verification within £10 percent
of the exact measured value. The applied calibration check is designed to provide cali-
bration information for modifying calibration factors or to generate new calibrations
for application to the data. Adjusted calibration is intended to aid in adjusting equip-
ment for proper operation. The three categories of calibration equipment required

for IMBLMS are as follows:

e Transducer calibration. Accurately controlled and/or accurately

% measured sources of temperature, pressure, humidity, or other non-
4 electrical quantities to be measured

® Electrical calibration equipment. Signal generator, voltmeter, cali-

bration resistors, and appropriate connectors

¢ Special calibration equipment. Equipment items unique to a device,

such as the mass spectrometer
6.5.5 Maintainability and Safety
In general, a remove-and-replace maintenance philosophy has been established for

the IMBLMS, Modules, submodules, and critical components can be readily removed

from the IMBLMS crew station with a minimum of time, astronaut skill, and training
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requirements. This philosophy is based on information derived from LMSC studies of
the type of operations and activities astronauts will have to perform while on orbit in
relation to the amcunt of available time, training, ckill levels, scheduled and unschcd~

uled maintenance, housekeeping requirements, etc.

The following basic maintenance concepts will probably be applied to the primary

Cluster systems:

@ Fault isolation by automatic or semiautomatic checkout

© Restoration of subsystem to active status by module or submodule
replacement

© Limited repair by manual method

® Limited system reverification by on-board equipment or by ground-

based equipment through existing communication links

When considering maintenance on-board the cluster, allowance must be made for sev-
eral constraints related to system and subsystem maintainability. One of the most
critical involves available time versus required time. Another relates to safety con-
siderations and protection of operating systems. Consideration must also be given to
complexity of fault detection and isolation and the degree of corrective action, the
complexity of systems/subsystems revalidation after maintenance, the skill level and
training required of the astronaut, the degree of on-board maintenance capability, and

the kind of special equipment being carried.

Crew time is a major constraint., During 1967, LMSC conducted a variety of complex
computer programs related to on-orbit crew activities. Without exception, the com-

puter runs indicatcd an overload of crew time.
On-orbit maintenance and safety are two major and interrelated aspects of the IMBLMS
design. Identification, classification, and analysie of hazardous events constitute sn

integral part of the design effort. Cascading or internal module malfunctions are pri-

marily the result of component failures, electrical overloads, short circuits, and
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power supply surges. The IMBLMS design therefore will isolate the failure to the
module concerned and, within the module, to the component in which the failure has

occurred.

Several techniques have been considered for use in the IMBLMS design. Input and
output lines will be protected against surge by active circuits to bypass temporary
over-voltage conditions, particularly with respect to delicate circuits. Current-
limiting circuits will be used to minimize damage to faulty circuits ard prevent a
severe drain on power sources. Isolation diodes will be used to prevent data loads
from feeding spurious pulses back to their sources. Separate power leads isolated

from signal leads will be provided for each module.

Maintenance requirements for the IMBLMS are as follows:

@ Removal and replacement of critical items
© Replacement of loose connections and/or fittings

¢ Identification of failure points

The last requirement will be implemented by the integral calibration system for the

o

IMBLMS. In addition, test reference points will be established for each module, thus

permitting the astronaut using a voltmeter to identify the possible failure point in
gross terms. This, in turn, will permit the ground station to recommend the best
possible corrective action.

6.5.6 Electromagnetic Interference and Grounding Techniques

Requirements regarding electromagnetic interference (EMI) grounding technique as
specified were reviewed and recommendations made for meeting these requirements

in the IMBLMS design. -

The dynamic physiologic monitor may be used in the CM where its d-c power will be

obtained from the CSM. The grounding technique to be employed will implement the
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spacecraft single-point ground requirement in its d-c power system and will avoid

coupling of power-fault transients inte the CSM grounding system.

The two IMBLMS stations will have their primary power-input circuits isolated fron
all signal circuits, including returns. A separate portion of the junction box will be
allocated for power distribution, and separate connector provisions will be made for

the individual modules.
6.6 DYNAMIC PHYSIOLOGIC MONITOR

The dynamic physiclogic monitor module shown in Fig. 6-7 was selected as a repre-
sentative module and laid out in detail. The module structure consists, basically, of
a machined base plate with provision for mounting the faceplate, the rear closure,
and the module cover welded fo it. Bracketry for mounting of black boxes and inte-
grated circuits is included in the base plates. All black boxes within the module are
located so as to be easily accessible and permit maintenance and he maintainable ser-
vicing without the removal of other boxes. The fape recorder, considered a critical
item because its loss can mean loss of the total experiment results, is considered a
submodule which can be easily removed and replaced. The rear closure of the mod-
ule is provided with four bayonet-type electrical connectors and two quick-disconnect
tube connectors. All connectors are recessed in the rear closure to permit the mod-

ule to be placed on end without resulting damage to the connectors.

The module cover is a U-shaped sheet metal cap which fits over and is screwed to the

face plate and the rear closure. The top of the cover is provided with a recessed

handle, large enough to permit a gloved hand to grasp the handle bar without difficulty.

The exterior of the module is provided with rounded corners so that damage to space
suits and injuries to crew members due to sharp edges can be eliminated. Equipment
located on the face of module includes displays and controls. Equipment located be-

hind the panel includes a tape recorder, instrumentation calibration scope, signal
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generator for calibration, cardiotachometer, respirotachometer, pressure regulator
for semiautomatic blood pressure, and TM recsiver and demodulator for EVA and

rotary chair near-field telemetry. The total weight of the module is 50 lb.
6.7 IMBLMS MCDULES

Thirteen modules make up the complete PBDM station, and the complete Biochemical
station consists of eight modules. A safety or clinical monitoring capability and in-
clude two modules from the PBDM station and three modules from the Biochemical
station, plus a small storage module. The five data management modules can be

combined with various other modules incrementally to increase total capability.
6.7.1 Support Equipment

This module is a double-sided standard module. It provides the storage space
required for such support equipment as blood-pressure cuffs, a 12-point thermistor
harness, paste, electrodes, an impedance cardiograph, and the limb electrodes.
The remaining space represents a growth potential in stowage capability for support

equipment.
6.7.2 Interface and Distribution System

This package, measuring 9.5 by 19 by 19 in.,is a double-size module and performs

the important function of interfacing with the subject, the on-board power, water,
vacuum, and the positive pressure system. The module contains a vectorcardiogram
vest, an impedance pneumogram (ZPN) vest, an electrocardiogram vest, oral/ear
temperature sensors, a phono- and vibro-cardiogram harness and microphone, a fiow-
meter, an ear oximeter kit, and respiratory masks and hoses. All these items pro-
vide the interface with the subject. Four separate compartments within the module
are utilized to provide the distribution of the power, water, vacuum and positive

pressure from the board system to the appropriate IMBLMS modules.
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6.7.3 Junction Box

The junction box {J-box) is a double-size standard module which functions as the

central unit in the PBDM threough which all the signals are routed. It contains the
electronic switching network which is controlled by commands from the processor
and will allow an efficient sharing of the various interconnecting lines between the

modules.
6.7.4 Data Management Modules

Five data management raodules are required for the IMBLMS. These are the video
and display monitor, video recorder and timers, manual data entry (including the
memo recorder) printer, and processor. The functions and equipment characteristics

of each module have been discussed in Section 5.
6.7.5 Dynamic Physiologic Monitor

This module is the most versatile of those in the IMBLMS, and can be removed from
the PBDM station and transported to remote sites such as the CM, LM, or AM. Itis
capable of cbtaining standard physiological measurements (body temperature, heart
rate, respiration rate, and blood pressure) and major, critical, pressure-suit meas-
urements (suit flow and pressure, and pCOZ). End-instrument calibration is provided,
using a signal generator with display on a miniature CRT. Calibration scope selector
is provided for all measurements. A tape recorder is included in this module as a

submodular component.
6.7.6 Behavioral Monitor
This monitor has been designed to provide measurement capability for visual,

psychomotor, and auditory functions. A manual tracking task is used for evaluation

of combined vestibular and psychomotor capabilities. The task display appears on a
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CRT housed in one of the data management modules. A vision tester is housed in a
storage compartment. The sensitivity of the subject to auditory stimuli is measured
with a prerecorded tape, using an audio mermo-tape recorder. Psychomotor function-

ing is evaluated by means of a combination of simple response buttons.
6.7.7 Neurological Monitor

This module performs two completely separate functions. The upper part is designed
to accomplish the vestibular measurements specified for the AAP, and the lower part
monitors the amount of oxygen and CO2 in the blood contained in the capillaries as well

as the measurement of the hydrogen ion concentration in the blood.

The upper part of the module contains controls for the rotating litter chair, as well as
the tachonieter, accelerometer, and timers. The lower part of the module has two

dual meters for respiratory gases and two for blood gases.
6.7.8 Vascular Dynamics

The vascular dynamics module is structured primarily to support peripheral measure-
ments requiring relatively large equipment (e.g., the LBNP, ergometer, and counter-
measure devices) and to support associated measurements being taken while using this
equipment., Timers are provided for measurements requiring specific measurement
time periods. All controls and monitoring of the measurements are to be regulated

by an observer because of the stress level imposed on the subject.

6.7.9 Respiratory Monitor

This module has been designed to analyze the respiratory system. For this purpose,
pressure gauges to measure 0234, 0232, pNz, pH20, and pCO2 and gauges to meas~-
ure volume and flow rate are provided on the face of the panel. Environmental condi-

tions,such as cabin pressure, humidity, and temperature are displayed, and controls

have been installed on the same panel.
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6.7.10 Biochemical Analyzer 1

This module is used for colorimetric, microscopic, and hematocerit analysis, It
contains a colorimeter designed to accept plastic reaction bags and equipped with &
wavelength selector, an on/off switch, a zero-adjust, and 100-percent adjust controls.
The module also contains a distilled-water dispensing unit; a dual meter; a vacuum
port; and a hematocrit unit,consisting of a conductivity measuring instrument, two
electrodes to connect a blood capillary, an on/off switch, a zero-adjust and 100-per-

cent adjust controls.
6.7.11 Biochemical Analyzer 2

This unit is used to periorm electrophoresis analysis, to determine the O‘2 and CO2
values in capillary blood, and to measure Na, K, Cl, and pH in urine or serum. For
this purpose, the module contains an electrophoresis power supply with a timer that
turns off the power supply at the specified time; an 02-C02 electrode assembly; an

Na, K, Cl, and pH electrode assembly; two selector switches; and a dual meter.
6.7.12 Isotope Monitor

This module houses a scintillation counter used in radioisotope trace determinations.
A well crystal and spectrometer are used in determining equilibrium concentrations
of Chromium 51 and Iodine 125 (if used for the IMBLMS) and in the in vitro partition
of I-131, labeled triiodothyronine (T3).

6.7.13 Incubator

The incubator is used for bacteriology studies, immunodiffusion studies, and blood
clotting. It is equipped with a temperature control and thermometer. Because of the
relatively small internal volume required, a large volume is available for insulation.
This feature, coupled with the frequency of incubator use, suggests that the module
be in continuous operation throughout the mission, thus allowing omission of on/off

switch function and thereby increasing reliability.

6-26

LOCKHEED MISSILES & SPACE COMPANY

b




T-30-68-1

6.7.14 Biochemical Waste Collection Compartment

This module is d=signed to provide the necessary storage volume for waste products,
such as used reagent, water, urine, and blood which must be flushed from measuring

devices, If required, plastic bags with desiccants will he used.
6.7.15 Supply Storage and Centrifuge, and Spare Module

The supply storage and centrifuge module measures 19 by 19 by 9.5 in. and is
physically divided into two sections, each measuring 19 by 19 by 4,75 in, These

two sections are joined by a hinge along one of their 19~in. sides. The other section
contains the cenfrifuge which is designed to separate four blood samples into plasma
and blood cells within 10 min. Speed controls are located on the section external sur-
face, and a safety interlock prevents the centrifuge door from being opened while the

device is in motion.

The spare module provides growth capability and can be used to store additional
equipment as it is developed, or to store additional supplies. This module can also
prove useful for storing waste material accumulated during one test day. In this
case, the waste material could be transferred to the waste disposal module after

testing is completed.
6.7.16 Freezer Module

The requirement for storing body and waste fluids for on-board or postflight analysis
are met by a cryogenic fluid in a freezer unit, which operates in a temperature range
of -75° to 100°C. The fluid or gas, which fills all the void space around the speci-
men containers, is solidified by being subjected to a vacuum before launch. The
temperature of the solidified gas is controlled by vapor pressure with a pressure

relief valve,
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Isulation is provided over the surface of the unit. Associated equipment to be used

with the freezer unit is a urine-volume measurament system modified {o permit exivac-

tion of aliquots of nrine. A liquid-gas phase separstor and a fransfer system must also

be used to transfer samples to freezer, reagent bags, or slides.

6.8 SUMMARY OF IMBLMS EQUIPMENT

Based on the preliminary design concept of the IMBLMS and approved biomedical

experiments on AAP, a preliminary equipment list (Table 6-1) has been developed.

This list shows that a comprehensive biomedical measurement system requires 977 1b

of equipment,

Volumetric requirements for equipment storage are as follows:

Volume
Equipment (£t3)
PBDM (13 modules) 15.3
Biochemical (8 modules)
Major Peripheral Equipment
LBNP 2.4
Ergometer 2
Total body exercise system 2.3
Body mass measurement system 14.0
Specimen mass measurement (2) 0.6
Rotating chair 12
Pulmonary equipment 4.5
Total 59
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Table 6-1

PRELIMINARY EQUIPMENT LIST

T-30-68-1

Module/Equipment Weight (lb)
PBDM (396)
Dynamic Physiologic Monitor 36
Vascular Monitor 21
Neurological/Blood-Gas Monitors 13
Respiratory Monitor 55
Behavioral Monitor 15
Junction Box 14
Interface and Distribution System 36
Support Equipment 44
Printer/TV Microscope Module 54
Processor 25
Memo-Recorder/Manual Data Entry 18
Video and Display Monitor 29
Video Recorder and Timers
Video Recorder 25
Timer Display 11
Biochemical (235)
Biochemical Analyzer 1 25
Biochemical Analyzer 2 17
Isotope Monitor 85
Freezer 26
Incubator
Supply Storage and Centrifuge
Spare Module

Biochemical Waste Collection Compartment

Major Peripheral Equipment and Supplies

LBNP 20
Ergometer 35
Total Body Exercise System 25
Bedy Mass Measurement System 38
Specimen Mass Measurement System (2) 28
Rotating Litter Chair and Associated Equipment 140
Pulmonary Equipment 60
Total 977
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6.9 DEVELCPMENT STATUS

Four categories were esgablished to summarize the IMBLMS havrdware development

status. These are (A) Qualified for manned spaceflight, (B) Under development for
manned spaceflight, (C) Laboratory or commercial, and (D) Conceptual and/or research,
Table 6-2 presents this information together with potential sources and estimated pro-
curement lead times. Sixty-four major items were investigated together with such
minor equipment as display meters, and connectors. Thirty-one of the major items
are in Category C, 13 are in Category B, 12 are in Category A, and eight are in
Category D. Many minor equipment items are included in Category A (e.g., Apollo-
type display meters are applicable to the IMBLMS modules). Lead-time is, in general,

directly connected to the category. Longer lead-times are associated with the

conceptual/research type of equipment,
6.10 JUSTIFICATION FOR AAP CLUSTER

The effective utilization of a comprehensive biomedical flight laboratory such as the
IMBLMS imposes unique requirements on an orbital space station. Vehicular systems
reliability for 1-yr missions, facilities to accommodate multiple crews, intermittent
rendezvous for crew exchange and payload return, and adequate spacecraft volume and

power capabilities to sustain an extensive measurement program in many scientific

areas are essential for a cost-effective, space-research program. The AAP Cluster H

provides these capabilities.

A comparison of the candidate spacecraft and their compatibility with the IMBLMS
is presented in Table 6-3. An important justification for the AAP Cluster is its growth v
capability. The direction and requirements of a research program such as the AAP

can be expected to change with the accumulation of space experience. Even the degree

of comprehensive planning that has characterized the IMBLMS Program, for example,

can reduce but not fully eliminate program redirection. Because of the lead times

required for the development of flight systems, the growth capability of the AAP N
Clusteris essential to expedite the research goals of the IMBLMS and other scientific -

programs.
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Neurological Human vestibular | Rotating litter chair and John Hopkins C 18
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Ocular counter- ECG Spacelabs, B 12
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Source Stab
£0Ope tur hy D 20
tic
Eye motions CH oy B 10
Behavioral Vision MASA D 24
Monitor equip {Ames)
Audibility Audiomet < 18
Earpt s which ~ vo
e sound e e
Psychomotor Twa-axis controller LAISC < 18
{proportional}
Response Use of equipment located in - - -
other modul-s (e.g, . TV
microscope, computer)
| Video and TV monitor and Cathode ray oscilloscope (b} C 15
i Display Monitor| analog/digital
E displays
Video Recorder| Display of event Numerical dispiay Apollo type A 4
and Timers and mission unit
elapsed time
Recording of urine | Videotape recorder (b) C 11
and blood micro-
i scope pictures
Printer Urine and bleood Microscope NIKON B 4
analysis
Urine and blood TV camera () C 6
analysis
Printed record of | Priater Clary Corp. B 6
data
Prccessor Enter data Keyboard and display Apollo Type B 6
unit
Data processing Multiplexer, A/D, D/A, LM3C C 12
digital computer
Memo-~ Record verbal Audio tape recorder {b} C 11
Recorder/ comments
Manual Data
Entry
Enter numerical Thumbwheel switches and Daven Co. A 8
data for processing| circuits
Biochemical Blood and urine Colorimeter Beckman C 20
Analyzer 1 Instruments,
| Inc.
| Blood Hemotacrit C 11
Biochemical Blood analysis Electrophoresis unit C 20
Analyzer 2
Blood and urine Specific ion electrodes (o} 14
K, Na, Cl, pH
Incubatoy Microbiology and Incubator and test plates C 14
Iinmunology
Supply Sterage | Blood and urine Centrifuge and sample e 14
and Centrifuge handling
Various types Expendable supplies for C 20
3 men, 36 days
Spare Microbiological, Microscope and accessory C 14
blood, and urine items
Urine specific Refractometer C 10
gravity and
osmolarity
Isotope Radioactive Radioisotope counter ) D 24
Monitor tracers in blood
Freezer Blood and urine Freezer LMSC C 21
preservation
Biochemical Waste disposal Mechanical and solenoid [(2)) C 10
Waste valves
Coilection -
Compartment
Peripheral Measurement Major Equipment Item Source Status (@) | Lead Time
Equipment (mo)
Body Mass Weighing of Body mass measurerment USAF, AMD B 38
Measurement astronauts device
System
Specimen Mass | Weighing of Specimen mass measurement | USAF, AMD B 8
Measurement specimens device
System
Total Body Exercise Exercise device USAF, AMD B 8
Exercise
System

Table 6-2

Fquipment Status
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The minimal skills and number of crew members required for an optional biomedical
program is dependent on an evaluation of future space experience. ATh’e crew size for
the AAP Cluster can easily be expanded from three to six to nine if required, thercoy
permitting a wider range of on-board skills and experimental subjects. The large
number of concurrent experimental objectives identified for the AAP Cluster will require
extended manned space operations, thus ensuring the development of an adequate data

base of man's spaceflight performance.

The AAP Cluster has adequate volume for the conduct of experiments in additicn to
reasonable living quarters for multiple crew members. IMBLMS volume requirements
encompass leased space for measurement equipment, controls and displays, and
recording equipment, {ogether with the swept volume needed to conduct provocative and
continuous testing (e.g., in using the LBNP, ergometer and rotating chair). Unlike

many of the scientific and engineering experiments, space for both an experimenter

and astronaut-subject will be required for performance of some of the biomedical

measurements.

The IMBLMS interfaces with spacecraft systems are extensive. Requirements exist
for power, communications, life support, waste management and data handling. A
separate filtered compartment is desirable for the biochemical station in the event that
liquid escapes during specimen measurement. Expendable requirements, especially
for larger crews and longer missions, are sizable, necessitating frequent resupply for

spacecraft systems smaller than the AAP Cluster.

Expendables for the AAP Cluster can be supplied during rendezvous scheduled for crew
exchange (to provide incremental reentry and postlanding performance evaluation) and

for the return of breserved biological specimens and experimental film,

The principal advantage of the dry-launch S-1VB is increased reliability. A preliminary

analysis indicates that the IMBLMS concept can be integrated into the configuration with

a minimum of modification. Modular packaging will be retained along with the cockpit

wrap-around design. The major advantages of this configuration are as follows:
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& Increased reliability

o Complete prelaunch checkout

® Elimination of MDA installation problems
e

Minimal on-orbit transportability problems

Weight savings are not substantial (3 to 5 percent) since the major reduction occurs in

the module-carrying frames used in transporting the IMBLMS from the MDA to the
OWS.

Ground installation would permit the design of a completely fixed station. The fixed
station has slight advantages over the modular station in terms of weight, volume,

and cost which are essentially offset by the ease of operation and maintainability of the
modular station. Reliability is considered essentially equivalent for the two stations.
A {ixed station is not recommended for the IMBLMS, however, since it will not provide

the versatility, experiment and spacecraft flexibility, or growth/substitution capability
of the modular station.
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- Section 7
PHASE C DESIGN AND PHASE D DEVELOPMENT AND OPERATIONS

Lockheed Missiles & Space Company has participated in the first two phases of the
IMBLMS Program — Phase A — Advanced Studies (Biolabs), completed in 1966, and
IMBLMS Phase B, Section I, completed in October 1967. (See Refs. 1-2 and 2-1.)

At the conclusion of the Phase B, Section I work, LMSC submitted a proposal on the
IMBLMS, Phase C — an 8-month design effort (Ref. 1-3). Subsequently, NASA-
Headquarters authorized LMSC to fulfill a Phase B, Section II, Supplemental Agreement

to the original Phase B contract.

During the extension period, 4 Dec 1967 to 16 Feb 1968, LMSC made significant strides
in refining measurement/equipment, the modular concept, station layout, data manage-

ment, and system engineering.

No significant changes are recommended for the Phase C proposal although relatively
greater emphasis will be placed on the behavioral and biochemical elements consistent
with NASA guidance since major emphasis was placed on the physiology element during
the Phase B, Section II effort. A

In reviewing the Phase C schedule, (Fig. 7-1), the time spans indicated are still con-

sidered reasonable; however, it must be recognized that long, drawn-out uncertainties

in Task 1 (Identify Measurement Requirements) and Task 2 (Define Measurement Equip-
‘ ment Modules Requirements) would seriously jeopardize the engineering design schedule.
% Consequently, the major output from these two Phase C tasks must be completed and
available to design personnel 60 days after Phase C go-ahead. In addition, the NASA-
supplied GFE list, and carrier and mission definitions, should be firmed up and
established by mutual agreement at the start of Phase C or, at the latest, 30 days after

Phase C go-ahead, in order to mainfain the basic schedule presented.
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In the schedule for Phase D, as shown in Fig. 7-2, the training unit presented in this
schedule under the Phase C proposal (itef. 1-3) has been expanded, by verbal NASA
direction, to include a neutral buoyancy unit and purt-task trainers (subassermblies),

as well as the complete flight trainer.

The prototype unit, originally planned as a flight-type unit for in-house use in resolving
integration and GFE interface problems, is still recommended. It can be used as
backup for the Training Program or as a spare system for the Qualification Test

Program.

The two IMBLMS Qualification Test Program units are identical to the flight hardware
and are to be used for environmental testing. However, it is a basic ground rule that
hardware used for qualification testing should not be flown because of possible over-
stress and reliability degradation occurring during the testing process; hence, the
qualification test units should not be considered as flight hardware backup. The 4-month
time-span allocated in the Phase D schedule for qualification testing (Fig. 7--2) there-
fore assumes the need for two qualification units in order to perform critical tests in

parallel, although both units will not necessarily be subjected to identical tests.

The use of only one qualification unit will extend this test schedule by 2 to 3 months
with a resultant equi\}alent slippage in the flight schedule. Further, if a failure should
occur with only one unit available for the test program, a much greater slippage could
result. It is strongly recommended that two qualification test units be procured and

that major support be afforded this portion of the test program.

The original Phase D schedule allowed for a time span of 4 to 6 months between the
delivery of flight ‘hardware and first launch. This time span is consistent with Lockheed
experience on many successful NASA and Air Force space efforts. However, recent
verbal direction from NASA-Headquarters requestis a 9-month lead time between {light
hardware and launch. The revised schedule therefore shows the hardware deliveries
occurring 8 to 10 months (at 1 month intervals) prior to launch, which extends the total
Phase D program — from contract go-ahead to launch - to 29 months compared to the

originally proposed 25-month program.
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Adherence to the foregoing Phase C and D schedules will permit an IMBLMS flight in

")
mid-1971 and thereby provide NASA and the scientific community with its first oppor-

tunity for a comprehensive evaluation of man's performance during extended spaceflisht.
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